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(D) Related appeals and interferences page(s); 



NONE 



UNfTED STATES PATENT 10/692,755 Page 4 of 76 

PAGE 6/77 * RCVD AT 2/27/2009 11:27:47 PM [Eastern Standard Time] " 8VR:USPTO-EFXRF-6/46 * C>N18:2738300 * C8IO:301 320 88 00 * DURATION (mm-ss): 18-28 



Feb 27 20QS 23:30 



301 320 88 00 



P-7 



(E) Status of claims page(s); 
Claims: 

1. (Wlthdrawn). 

2. (Withdrawn) 

3. (Withdrawn) 

4. (Withdrawn) 

5. (Withdrawn 

6. (Withdrawn) 

7. {Withclrawn) 

8. (Withdrawn) 

9. (Withdrawn) 

10. (Withdrawn) 

11. (Withdrawn) 
12 .(Withdrawn) 

13. (Withdrawn) 

14. (Withdrawn) 

15. (Withdrawn) 

16. (Withdrawn) 

17. (Wlthdrawn) 

18. (Withdrawn) 

19. (Withdrawn) 

20. (Withdrawn) 

21. (Withdrawn) 
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22. (Cancelled) 

23. (Cancelled) 

24. (Cancelled) 

25. (Cancelled) 

26. (Withdrawn) 

27. (Cancelled) 

28. (Cancelled) 

29. (Cancelled) 

30 (Cancelled) 

31 (Cancelled) 

32 (Cancelled) 

33 (Cancelled) 

34. (Rejected) 

35. (Rejected) 

36. (Rejected) 

37. (Rejected) 

38. (Rejected) 

39. (Rejected) 

40. (Rejected) 

41. (Rejected) 

42. (Rejected) 

43. (Rejected) 

44. (Rejected) 

45. (Rejected) 

46. (Rejected) 

47. (Rejected) 
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(F) Status of amendments page(s); 

The applicant filed an amendment to claims 34 and 47. to correct the inadequate antecedent 
between claim 34 and Claim 44, and to conform to an elected species (Method) in claim 47. 
Claim 48, was added to address the comments by the examiner with regard to an optional step i 
the claimed methods of the invention. A grammatical error in claim 34 was also corrected. 

The applicant understands that the amendments will not be entered. 

Affidavits filed were not acknowledged by the Office. New Affidavit has been filed. 



34. [Currently amended). A method for producing thermonuclear nuclear fusion, comprising 
the steps of: providing a working liquid enriched with molecules c omprising isotopic D or T 
atoms compriolng moloculofi; placing at least a portion of said liquid into a tension state, a 
maximum tension in said tension state being below the cavitation threshold of said liquid, 
said tension state imparting stored mechanical energy into said liquid portion; directing 
fundamental particles nucloatlng a flonts comprls i nc at loast ono ofi nowtrone, photons, alpha 
pjrticloc and fir firn p-'««"'-»'^. at said liquid portion when said liquid portion is in said tension 
state, said nucleating agents hawing sufficient energy for nucleating a plurality of bubbles 
substantially filled with vapor from said liquid, said bubbles substantially filled with vapor 
having an as nucleated bubble radius greater than a critical bubble radius of said liquid; 
growing said bubbles; and imploding said bubbles substantially filled with vapor, wherein a 
resulting temperature obtained from enet^ released from said implosion is sufficient to 
Induce a nuclear fusion reaction of said isotopic D or T atom comprising molecules in said 
liquid portion. 

47. (currently amended) A method An apparatus for producing thermonuclear fusion, 
rnmprislng ^hesteosof ; filling a chamber with containing a high accommodation coefficient 
liquid; »meai*s4oF inducing tension in said high accommodation coefficient liquid; directins 
a nucleating agent comprising at least one of: neutrons, alpha particles, photons and fission 
products to said chamber; a mo a ns for enhancing the size of the nucleated bubbles In tension 
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to a volume greater than a predetermined volume before inducing controlled implosion; 
thereby producing thermonuclear fusion. 

48- (new) A method of claim 34, wherein the working liquid is de-gassed prior to being put i 
a tension state. 
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(G) Summary of daimed subject matter page(s); 

Note: The appellant submits that the responses are given in relation to the July 23, 2005 
Published Application by paragraph. The line numbers quoted are in relation to the noted 
paragraphs. 



Claim 34. 

A method to produce thermo-nuclear fusion in the local environment of vapor bubbles in 
body of Their parent liquid. 

Comprising the steps of: 
Stepl. 

''providing o working liquid er^riched with molecules comprising isotopic DorT 
atoms'* 

Figure 1 (item 124) 

Para. 22 (line 12); Para. 73 (lines 2-3); Para. 76 Oines 2. 3, 8) 
Step2. 

''piecing at least a portion of said liquid into a tension state, a maximum tension 
in said tension state being below the cavitation ttireshold of said liquid, said 
tension state imparting stored mechanical energy into said liquid portion " 

Para.l5 (lines 3-6); Para.l8 (lines: 2-5); Para. 26 Oines 3-7); Para. 178 (hnes 1-3). 



Steps* 

"directing fundamental particles, at said liquid portion when said liquid portion is 
in said tension state, said nucleating agents having sufficient energy for 
nucleating a plurality of bubbles substantially filled with vapor from said liquid. 
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said bubbles substantially filled wtth vapor having on as nucleated bubble radius 
greater than a critical bubble radius of said liquid" 

Fig.l (item 150); Fig. 3c; Fig. 6 (item 633) 

Para. 15 (lines 8-11); Para. 18 (Unes 6-8); Para 21 (lines 1-2); Para. 55 (Unes 3^); Para. 129, 
Para. 132 (lines 3-7); Para. 166 (lines 1-3); Para 71; Para 176 (1-3). 



Step4. 

"growing said bubbles " 

Fig. 3c 

Para 15 (lines 9-11); Para 26 (lines 8-9); Para 33; Para 57 Oines 3, 8-9); Para 58 (lines 1-2); Para 
63 (lines 3-5); Para, 64. 



Steps. 

"imploding said bubbles substantially filled with vapor, wherein a resulting 
temperature obtained from energy released from said implosion is sufficient to 
induce a nuclear fusion reaction of said isotoplc DorT atom comprising 
molecules in said liquid portion " 



Para 15 (13-17), para 18 (lines 8-11). para 26 (lines 11-14), para 28 (lines 8-11) 
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Claim 47. 
Stepl. 

"filling a chamber with a high accommodation coefficient iiquid" 
Fig, 1 (item 124) 
Para 66, Para 74, Para 107 (1-4) 
Step2. 

''inducing tension in said high accommodation coefficient liquid" 
Para 15 (3-6), Para 18 (2-5), Para 178 (1-3), Paia 74, Para 190. 

Step3. 

"directing a nucteoting agent comprising at least one of: neutrons, alpha 
particles, photons and fission products to said chamber " 



Pig.l (item 150); Fig. 3c; Fig. 6 (item 633) 

Para. 15 (lines 8-11); Para. 18 (lines 6-8); Para 21 (lines 1-2); Para. 55 (lines 3-4); Para. 129, 
Para 130 (1-4), Para. 132 (lines 1-3); Para 157 (1-4), Para, 166 (lines 1-3); Para 71; Para 176 (2- 
3). 



Step4. 

"enhancing the size of the nucleated bubbles in tension to a volume greater than 
o predetermined volume before inducing controlled implosion'' 

Fig. 3a, Fig. 3c 

Para 64, Para 67, Para 72 Gines 8-15), Para 120, Para 133. 
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PAGE 13/77 * RCVD AT 2/27/2009 11:27:47 PM pEastem Standard Time] * SVR:U8PTO-EFXRF-6/46 * DNIS:2738300 " C8ID:301 320 88 00 * DURATION (mm-ss):18-28 



Feb 27 2009 23:30 301 320 88 00 p. 14 



(H) Grounds of rejection to be reviewed on appeal page(s); 

1. Whether claims 34 -46 are unpatentable under 35 U.S.C. 101 for lack of utility 

2. Whether claims 34 -46 are unpatentable under 35 U.S.C. 112, first paragraph, as falling to 
comply with the enablement requirement. 

3. In claim 34 "placing at least a portion of said liquid into a tension state, a maximum tension 
In said tension state being below the cavitation threshold of said liquid." , whether there is 
adequate description or enabling disclosure as to how and In what manner one can 
determine: a) that a portion of the liquid is in the so-called tension state; b) the maximum 
tension in a portion of the liquid In a tension state; and c) that the maximum tension is below 
the cavitation threshold of the liquid. 

4. In Claim 34 "imploding said bubbles substantially filled with vapor." whether there Is 
either an adequate description or enabling disclosure as to how and in what manner one: a) 
can determine when a bubble has been substantially filled with vapor; b)identify which of the 
bubbles that are allegedly substantially filled with vapor; and c) how many of these bubbles 
to Implode to Induce a nuclear fusion reaction. 

5. In Claim 42 "synchronizing neutron Impact wHh a location in said liquid having a 
predetermined liquid tension level." whether there is either an adequate description or 
enabling disclosure as to how and in what manner one: a) can determine the occurrence of an 
impact of the neutron with the pre-tensloned liquid; b) synchronizes the neutron impact with 
a location in said liquid; c) determines which specific location to direct the impact of the 
neutron. 

6. In claim 34, whether the deletion of the degassing step is the addition of new matter. 



7. In Claim 44, whether the recitation of "said fundamental particles" in lines 1 and 2 resuhs 
in an insufficient antecedent basis for this claim. 

8. In dalm 46, whether the term "high accommodation coefficient liquid" is a relative term 
which renders the claim Indefinite. As the term "high" which is not defined by the claim, and 
the specification does not provide a standard for ascertaining the requisite degree, whether 

APPEAL BRIEF 
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one of ordinary skill in the art would not be reasonably apprised of the scope of the 
invention. 

9. In claims 34, 35, 37-40, 44, 45, whether under 35 U.S.C. 102(b) are anticipated by Margulis 
(RU 2096934) 

10. In claim 36, whether under 35 U.S.C. 102(b) are anticipated by Margulis (RU 2096934) 
with regard to heat exchangers. 

11. In claims 42 whether under 35 U.S.C. 102(b) are anticipated by Margulis (RU 2096934) 

12. In claims 34, 35, 37-40, 44, 45 whether under 35 U.S.C 102(b) are anticipated by Upson e 
ai., "initiation of fusion reactions In media containing deuterium by cavitation," Soviet 
Physics: Technical Physics 37 (1992) . 

13. In claims 35 whether under 35 U.S.C. 102(b) are anticipated by Lipson ct al., "Initiation c 
fusion reactions in media containing deuterium by cavitation," Soviet Physics: Technical 
Physics 37 (1992) . 

14. In claims 42 whether under 35 U.S.C. 102(b) are anticipated by Lipson et ai.. "initiation o 
fusion reactions in media containing deuterium by cavitation," Soviet Physics: Technical 
Physics 37 (1992) . 

15. Whether claim 41, is patentable over either Margulis or Lipson. 

16. Whether daim 43 and 46, are patentable over either Margulis or Lipson, In light of 
Olden ko et al. 

17. Whether the duplicate claim 34 vs 44 can be overcome with the proposed amendment. 

18. Whether Claim 47 is rejected as directed to a non-elected Invention. 
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(I) Argument page(s}; 

1. Whether claims 34 -46 are unpatentable under 35 U.S.C. 101 for lack of utilitv 

The disclosure states that the invention produces excess neutrons and Tritium as the 
consequence of thermo-nuclear fusion. Affidavit from Xu. replicates this phenomenon in 
independent experiments. 

References in disclosure: 

1. Figs. 3e, 8, 10,11, 12,13,14: 

2. Para. 17; 

3. para 24(linel); 

4. para 58(linelO); 

5. para 94 (lines 7-8): 

6. para 116(linel); 

7. Para 121 (line 3); 

8. Para 208; 

9. Para219; 

10. Para 222; 

11. Para 226; 

12. Para 227. 

The Utility of TriUum and neutron sources are well established in the background art but also 
noted in the disclosure in para 24 of the published application, and in Xu's affidavit (para. 8). 

2. Whether claims 34 -46 are unpatentable under 35 U.S.C. 112, first paragraph, as failing to 
comply with the enablement requirement. 

In general, the fusion of deuterium(D)-deuterium(D) atoms is unequivocally established in the 
literature (Gross, 1984) to lead to one of two almost equally probable nuclear reactions. These 
are: 

• The production of a 1.01 MeV tritium (T) nucleus and a 3.02 MeV proton. 

• The production of a 0.82 MeV helium-3 {^He) nucleus and a 2.45 IVleV neutron. 

D,— ia.,f>a APPEAL BRIEF 
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For the thermonuclear bubble fusion system, the tell-tale signatures of the event involve the 
measurement of 2.45 MeV neutrons which must be time-correlated with the time of bubble 
Implosion (i.e., when the conditions are compressed and hot and light flashes are generated), 
the generation of gamma photons commensurate with neutron interactions with structural 
atoms, together with the generation of T nuclei at rates that are similar in rate to that for 
neutron production. 

The Appelant submits the following to establish probity and enablement. 

I. In acoustic inertial confinement bubble nuclear fusion experiments (Taleyarkhan et al., 2002, 
2004, 2006), all of which used the teachings of 10/692,755 for enablement, the evidence for D- 
D fusion includes the following key findings of fact: 

1. A statistically significant (4 to 5 Standard Deviations) production of tritium nuclei 
[Science (2002) - Fig. 3; Phys.Rev.E (2004)-Fig.ll]; 

2. A statististically significant (4 to 25 Standard Deviations) number of 2.45 IVIeV neutrons 
[5cience[2002)-Fig.4; Phys.Rev.E (2O04)-Fig.8; Phys.Rev.Ltr (2006)-Fig.4); 

3. An approximately equal number of D-D neutrons and T nuclei produced during any 
given experiment [Sdence(2a02); Phys.Rev.E (2004)1; 

4. The generation of D-D neutrons time correlated with sonoluminescence (SL) flashes 
during deuterated bubble cluster Implosions [Science(2002)-Fig.S; Phys.Rev.E (2004)- 
Fig.7]; 

5. The subsequent (to neutron and SL) emission of statistically significant quantities of 
gamma rays due to D-D neutron capture In hydrogen and other atoms of surrounding 
structures and in the detector; the ratio of gammas to neutrons being about 0.05 to 
about 0.15, and the energy of the gamma rays being - 2 MeV as to be anticipated 
(Phys.Rev.E (2004)-Figs.9,10}; 

6. The attainment of null results (i.e., no neutron, gamma or tritium emissions) for 
corresponding control experiments under Identical conditions but with the only 
variation being change of the D atoms in test liquids to H atoms [Science (2002), 
Phys.Rev.E (2004), Phys.Rev.Ltr (2006); 

7. The consistency of the experimentally-observed results of neutrons and tritium with 
theory which, after considering all key physical phenomena associated with growth and 
Implosion dynamics, reveal and predict conditions required for thermonuclear fusion 
(i.e., 1000+ GPa compression pressures and ~ 10* K plasma states) to occur only under 
the conditions of successful experiments. The same theoretical framework predicts 
non-attainment of such conditions for non-ideal thermal hydraulic conditions, as well as 
for low-accommodation coefficient fluids such as heavy water for similar experiment 
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conditions - an aspect which is consistent with experimental findings, [Phys. Fluids 
(2a05)-Fig.l3, Science (2002)-Fig. 6]; 

8. The verification and confirmation of the neutron and tritiunn emission data by 
unaffiliated groups (NucI.Engr.Design (2005); NURETH-11 (2005); 
Trans.Amer.Soc.{2006); lnt.Fu5.EnergyMtg.{2006); Bugg Report (2006); Public 
Demonstration Testonnonials (2006)]; 

9. The consistency of neutron emission spectra from 5 separate reports with validated 
nuclear infrastructure methodologies utilizing state-of-art Monte-Carlo 3-D nuclear 
particle transport simulation tools {MCNP5 and SCINFUL) developed under U.S. DoE 
sponsorship at Los Alamos National Laboratory and Oak Ridge National Laboratory - as 
evidenced in Nucl. Engr. Des.{2008) - Figs. 6, 7, 9, 11]; and, 

10. Testimonials of successful demonstrations on two separate occasions to collection of 
industry, government and academic bodies [IDI testimonials, 2006)1. 

iL Three affidavits confirming replications of the invention by three un-related and un- 
connected scientist, each of ordinary skill in the Art. These three Affidavits have been 
submitted and are of record (Please see Evidence appendix) . 

The detailed Affidavit of Dr. Xu {para. 3) defines an independent replication of the invention 
enabled by the disclosures of 10/692,755, in a different location and organization with 
independently assembled apparatus. 



III. The following evidence is further theoretical and experimental support for enablement of 
the Invention. The examiner rejects this evidence as the results were published after the filing 
date. 

A. Three independent academic papers defining the results obtained in replication 
experiments ( correspondir^g to Affidavits of II. above) . 

Three independent replications of published sonofusion results (Nuclear Engineering 
and Design journal paper. Vol. 235, pp.1317-1324 by Xu et al., 2005; Archives of Trans. 
American Nuclear Society, Vol. 95. pp. 736-737, by Forringer et aU, 2006; Le Tourneau 
University, Texas, Press Release, 2006; and the Bugg, W confirmation report dated June 
9, 2006 to Purdue University of 2006) of the present invention. Proof of reproducibility 
and repeatability and confirmation of successful fusion signals attainment following the 
apparatus and operations of this 10/692,755 Application from published documents 
were reproduced for the examiner. 

These are three successful replications of the invention as filed. These replications used the 
same methods and design of apparatus of the present invention. (Section M. presents affidavits 
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of these successful replications). Therefore it provides additional clear probity for the present 
invention. 

The appellant submits that nothing in the observable ambient universe that could affect this 
experiment is known to have changed between the date of filing and this duplicate experiment, 
and the replicators were of ordinary skill in the Art, and therefore the results provide additional 
clear probity for the invention. 

B. The theoretical foundation for super-compression-induced thermonuclear fusion for the 
experimental conditions of the method used for the current application. This theoretical 
foundation takes into account all relevant physics and chemistry of the condition. It has passed 
worldwide peer reviews and validated by experts as being on sound theoretical foundations and 
published in the prestigious journal Physics of Fluids (Nigmatulin et al., 2005). This theoretical 
foundation when applied specifically to the method of the present Invention confirms 
thermonuclear conditions (see Fig. 13 of the paper by Nigmatulin eta!., 2005 -Physics of Fluids, 
Vol.17, 107106, 2005) with temperatures and pressures reaching in the range of 10 K, and 
1000+ Mbar, respectively - convincingly thermonuclear fusion conditions. 

This is a theoretical foundation for super-compression-induced thermonuclear fusion for the 
experimental method and apparatus of the present invention. Published in a peer reviewed 
Journal. This theoretical result fevdes/an a ddresses the methods and apparatus of the present 
Invention. 

The appellant submits that the theoretical result by design considers the apparatus and method 
of the present invention and therefore the time of publication of the results do not affect the 
additional probity and enablement that this theoretical study provides. 

C Findings (Fig. 7c) in the premier journal Physical Review E, VoL 69, 036109-1 to 11, by 
Taleyarkhan et al., 2004 that demonstrates experimentally that D-D fusion neutrons of 2.45 
MeV in energy as required for thermonuclear fusion are emitted in a time -correlated manner 
with the emission of sonoluminescence (SL) light flashes demonstrating that the fusion reactions 
are occurring under hot, compressed conditions for the method and apparatus of this present 
invention application. 

This is an experimental study reported In a reputable peer reviewed Journal that further 
supports enablement of the method and apparatus of the present invention for producing 
2.45MeV neutrons required for nuclear fusion, in a correlated manner to the emission of 
sonoluminescense light flashes. The approach uses the identical apooratus os noted in the 
invention with the ^xcention of more soohisticated neu tron detection app roaches to get an even 
better statistically significant result . 

With regard to this support for probity and enablement, the examiner argues further, that D-D 
reactions were an non elected species and therefore this result is irrelevent. (The D-D reaction 
case was a non elected species with traverse) However, the Appellent submits that even if the 
examiner limits consideration to the elected part of the invention, a D-D reaction envelopes 
the conditions for a D-T reaction and provides for the record art that establishes factual 



UNffED STATES PATENT 10/692,755 



Page 17 Of 76 APPEAL BRIEF 



PAGE 1W77 * RCVD AT 2/27/2009 11 :27:47 PM [Eastern Standard Time] * SVR:U5PTO-EFXRF-6/4& * DNIS:2738300 * C81D:301 320 S8 00 ' DURATION (mm-ss): 18-28 



Feb 27 2009 23:32 



301 320 88 00 



p. 20 



experimental underpinnings, (reference: "Gross., R. A., 1984 "Fusion Energ/^ John Wiley & 
Sons.) Therefore, the applicant submits that the D-T reactions will occur If conditions for D-D 
reactions are provided as Indicated in the Response of 2008-5-21 as experimer^tal evidence of 
this reaction phenomenon. 

Therefore In this result is further support of probity and enablement as nothing in the 
observable ambient universe that could affect this experiment is known to have changed 
between the date of filing and this duplicate experiment. 

IV. Furthermore, the applicant has provided in the Appendix, yet another additionaf confirmation for 
the validity of the thermo-nuclear fusion results " Modeling Analysis and prediction of neutron emission 
spectra from acoustic cavitation bubble fusion experiments" Nuclear Engineering and Design 238 (2008, 
2779-2791). 

V. Moreover, further support is provided in the paper on theoretical foundations "The Analysis of 
Bubble Implosion Dynamics'' Supplement #2 (Reference 25 in the IDS) and as published in Science: 
www. Sciencemag.org/t^i/content/full/295/5561/1868/DCl. 

3. In claim 34 "placing at least a portion of said liquid into a tension state, a maximum tension 
in said tension state being below the cavitation threshold of said liquid," , whether there is 
adequate description or enabling disclosure as to how and In what manner one can 
determine: a) that a portion of the liquid is In the so-called tension state; b) the maximum 
tension in a portion of the liquid In a tension state; and c) that the maximum tension is below 
the cavitation threshold of the liquid. 

The appellant respectfully submits that: 

i. There exists a tension state for liquids achievable with tensile forces on the target 
volume of the liquids. For example even in nature mechanical motion of vascular 
passages of plants lead to liquid in tension. (Reference: Scholander.^ P. F., "Sap pressure 
in vascular plants" Science Volume 18, pp 339-345 16 April 1965.) 

ii. Therefore a portion of the liquid may be reduced to the tensioned state by applying a 
tensile force to the container walls that is by design in contact with the liquid. Such a 
force may be effected by a mechanical device as in the present invention that may be 
centrifugal force or oscillations of the wall by an electro-mechanical device. Such force 
enabling by these two phenomena are well established in the background art. The 
magnitude of the noted force can be increased by design to ensure that the liquid is at 
a desired level of the tension state. 

iii. The specification teaches the regions of the liquid that are In tension as a result of the 

apparatus design. For example originally filed Specification page 47 line 15-18 and Page 
39 lines 19-21. (para [0135] and para [0167] as published). 
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iv. There exists a cavitation threshold for such tensioned liquids by audible and visible 
inspection at adequate drive power of the mechanical force in the presence of 
nucleating particles. 

V. The method or apparatus of the invention can achieve and exceed such a cavitation 
threshold by design as In 3.2 above, as a result of 3.3 above. 

Therefore the appellant respectfully submits that the enablement requirement Is met with the 
background art. 



4. In Claim 34 "imploding said bubbles substantially filled with vapor." whether there is 
either an adequate description or enabling disclosure as to l^ow and In what manner one: a) 
can determine when a bubble has been substantially filled with vapor; b)identify which of the 
bubbles that are allegedly substantially filled with vapor; and c) how many of these bubbles 
to implode to induce a nuclear fusion reaction. 

The appellant respectfully submits that: 



i. The background Art is replete with exposition that any fluid will exert a vapor pressure in an 
adjoining space and therefore such bubbles are substantially filled with vapor of the parent 
liquid as disclosed. As there are no other liquids in contact with the bubble surface therefore 
there is no other vapor pressure exerted. Moreover, considering that there is no attempt to 
intentionally dissolve gases in the parent liquid the resulting partial pressures if any such gases 
are small, however as the parent liquid at some point may have had a surface open to a gas 
such as the constituent gases of the atmosphere, there is likely to be some - even minute 
quantities — of preexisting dissolved gas in the parent fluid. Therefore the applicant submits 
that all such bubbles are substantially filled with vapor of the parent liquid. 

ii. One or more such imploding bubbles create nuclear fusion as substantiated In the experimental 
observation results of the disclosure. The nature of bubbles that create nuclear fusion are 
defined in the Specification Page 18 lines 20-21 page 19 lines 1-4. 

Therefore the appellant respectfully submits that the disclosure in conjunction with the 
background art is enabling. 



5« In Claim 42 "synchronizing neutron impact with a location in said liquid having a 
predetermined liquid tension level." whether there Is either an adequate description or 
enabling disclosure as to how and in what manner one: a) can determine the occurrence of an 
impact of the neutron with the pre-tensioned liquid; b] synchronizes the neutron Impact with 
a location in said liquid; c) determines which specific location to direct the impact of the 
neutron. 
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The appellant respectfully submits that the specification discloses the production of tensioning 
of the liquid in synchronization with the nucleating particles. Fig 3, Page 21 lines 8-15, Page 25 
lines 3-20, of the crigindl Specification. 

The nucleating particles are directed in the direction of the chamber and therefore those that 
reach the liquid during the above tension state are capable of nucleating 10-lOOnm size 
bubbles. It is established In the background art that nucleating particles can nucleate bubbles of 
this size in meta-stable liquids. Reference: Glaser. D. A., Phys. Rev., Vol.87, 665, 1952. 

Therefore the appellant respectfully submits that the disclosure in conjunction with the 
background art is enabling. 

6. In claim 34, whether the deletion of the degassing step Is the addition of new matter. 

The examiner rejects claims 34-46 as he notes that on claim 34, as amended: applicant has deleted 
the step, "degassing said liquid to reduce a dissolved gas content therein, wherein said 
dissolved gas is removed using an applied vacuum.'* Note the following passages in the 
specification that demonstrate criticality of the degassing step in the exercise of the claimed 
invention: 

'To minimize the effect of gas cushioning during implosive collapse, the working liquid 
can be degassed, a priori. Alternatively or in combination, a sufficient vacuum state 
above the worl<ing liquid accompanied by induction of gaseous cavitation induced by 
nuclear particles such as neutrons or via use of losers or acoustic horns can be used to 
reduce the dissolved gas content in the v/orking liquid to limit unwanted gas cushioning. " 
See page 17, last paragraph. 

Following degassing of the worlcing liquid, the liquid is tensioned and nucleation of vapor 
cavities followed by implosion of the same can be initiated. Tensioning the liquid con be 
provided by a variety of methods, including an acoustical wove source, on 
electrostrictive (piezoelectric) source, a magnetostrtctlve source, a centrifugal source, a 
focused (pulsed) acoustic energy or a venturi based system. Preferably, when an 
acoustical wave source is used, the acoustical wave source includes an acoustical 
focusing device, such as a parabolic-type reflector or a resonant cavity to intensify the 
acoustic pressure. See page 17, last paragraph. 

The appellent respectfully submits that Jhe degassing step is an optional s tep to enhance the 
operation of the method or apparatus even as stated in the above by the examiner: 

"To minimize the effect of gas cushioning during implosive collapse, the working 
liquid can be degassed, a priori." (emphasis provided) 

UNITED STATES PATStOT 10/692,755 Page 20 of 76 A 



PAGE 22/77 * RCVD AT 2/27/2009 1 1 :27:47 PM [Eastern Standard Time] * SVR:U8PTO-EFXRF-6/46 * DNIS:2738300 * C8ID:301 320 88 00 * DURATION (mm-ss):18-28 



Feb 27 2009 23:32 



301 320 88 00 



p. 23 



For example there is no need to de-gass a liquid that is already substantially free of gas. 

The applicant therefore respectfully submits that the claim as amended is consistent with the 
original disclosure which is enabling. 

7. In Claim 44, whether the recitation of "said fundamental particles" in lines 1 and 2 results 
in an insufficient antecedent basis for this claim. 

The appellant has amended the claim to be consistent and submits that as amended it is now 
with claim 34, 

8- In claim 46, whether the term "high accommodation coefficient liquid" is a relative term 
which renders the claim indefinite. As the term "high" which is not defined by the claim, and 
the specification does not provide a standard for ascertaining the requisite degree, whether 
one of ordinary skill in the art would not be reasonably apprised of the scope of the 
Invention. 

The appellant respectfully submits that the specification makes clear what high and low mean. 
High accommodation coefficient Is stated to be -"1.0 (the maximum) the value associated with 
organic liquids such as acetone, benzene, tetrachloroethylene whereas, low is stated to be 
closer to 0 citing the value for water at ~ 0.07 which is not recommended for enhanced fusion 
induction capability. See for example Specification as filed for experimental results page 16 
lines 8-20 and validating theoretical foundations Page 70 lines 14-20^ Page71 lines 1-8. 

IVIoreover, the background art has definitions for high accommodation liquids accessible to 
those with ordinary skill in the art for example. Reference 25 in the IDS of 2003 . 
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Comparisoii -Margulis and Linson with the prcsept inveiitioii 10/692,755 for 102/103 repections 



Table 1:102/103 rejections COMPARISON: 10/692,755 vs Margulis & Upson 


aaim 


10/692J55 


Margulis (M) & Upson (L) 


Opera bility of invention is 
dennonstrated? 


Yes. Evidence presented of 
operability in major scientific 
journals per IDS filings. 


No, There is no evidence of operability of claims 
for neither (M) nor (L). 


Independently replicated 
per teachings of application 
by practitioners with 
ordinary skill? 


Yes. Three signed affidavits 
submitted, preceded by 
corresponding technical papers 
submitted in an IDS. 


No. 


Independent Claims 34, 47 

System on Enablement 
regarding the material to be 
fused and environment of 
the system 


ENABLED by D and/or T atoms 
which are in molecules of vaoor of 
working liquid Itself and are located 
within a resonant acoustic chamber 

(with transducers positioned 
outside of the liauid on outside of 
chamt>er walls). 
No deliberate injection or 
saturation with externally added D 
and/or T gas and no need for 
electric field. 


ll) ENABLED BY Acoustic horn metal tioM diooed 
into DA hydrogen gas filled liquid 
Or 

(M) ENABLED BY transducers dipped into liquid 
and Inlectineeas bubbles Vifith D.T saturating 
parent liquid and with the requirement of a 
constant electric field in the chamber 


Independent Claims 34, 47 
on Mode of acoustic energy 


ENABLED by Co-ordinated, 
synchronized acoustically Induced 
tension meta stability together with 
incident fS/IeV scale nuclear 

particles. 
Delivery of acoustic energy 
evternally to liquid via container 
only, not to liquid directly. 


(L) Use Acoustic horn metal tiD(s) & 
^M) provide acoustic to liauid: enerw imoarted to 
eas-filled bubble(5): 
NO teaching of use of synchronized external or 
Internal nuclear particles 


Claims 34,42: Method for 
Timing for Generation of 
and Number of bubbles 


ENABLED by Cluster of several 
hundred liquid molecule vaoor 
bubbles formed on-demand and 
synchronized In time with the 
acoustic tension field by known flux 
of incident neutrons or other stated 
nuclear particles per Specification. 


ENABLED either with randomly evolved pre- 
dissolved D/T gas from liquid (L) or Deliberately 
inserxeu i^i sas ouDuies aiong wiLn iMooie oos 

(Xe] to saturate liquid by dissolved D/T gas in 
liquid (M). 


Claim 42: Location of 
bubble(s) 


Away from solid liquid Interfaces 
Interior of working liauid 


On the solid/liquid interfaces. 
NOT in interior of workinc liauid. 


Claims 34,42,44: 
Time-synchronization of 
acoustic waves with neutron 
or alpha based nucleation of 

tensioned liquid? 


Yes. 


No 
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Claims 34,47, (48) 
Non-condensible gas 
content of bubbles 


Substantially free of gas 
gas content desired 
Specification. 

wA|jiiv>iLiy ucgao^cu ii^ijiw\f..iaiii i *to^ 


^100% 

{No effort or teaching to degas the liquid) 


Claim 47: Liquid Type in 
terms of accommodation 
coefficient. 


High 1.0) accommodation 
coefficient type ~ water or liquid 
metals. 


No such specification or teaching. 
Cited liquids of L and M are Low {""0.1) 
accommodation coefficient type - 
such as water or liquid metals- 


Claim 34, 42; Earternal 
Neutron or pre-dlssolved 

alpha emitter based 
nucieation of bubbles? 


Yes. 


Impossible. Fusion neutrons, if gene rated occur 
when the liquid is in state of compression and as 
such it is impossible to use the neutrons from D-D 
or D-T fusion to nucleate bubbles. 


Claim 34, 42: Time-span of 
bubbles in reaction chamber 


Highly Transient; Bubbles are 
formed on-demand and are vapor 
(not gas) filled which re-condense 
within milliseconds as per teaching. 


Indefinite and continuous life; bubbles in reaction 
chamber are deliberately left there till the D 
and/or T atoms are depleted. 



9. In claims 34, 35, 37-40, 44, 45, whether under 35 U.S.C 102(b) are anticipated by Margulls 
(RU 2096934} 

The examiner argues: 

• As to claims 34, 35^ 37-40, 44 and 45, Margulis discloses a method for generation of 
high'temperature plasma and generating thernnonuclear reactions by providing a liquid 
enriched with a mixture of deuterium and tritium^ creating tension microbubbles containing 
such mixture by ultrasonic vibrations and thereby generating thermonuclear reactions. 

• Applicant has not defined which portion of the working liquid is placed in a maximum 
tension below the cavitation threshold. Absent such definition, the examiner interprets the 
term broadly and reads it on any and all portions of the working liquid. 

• Accordingly, one can always find a portion of the liquid in Margulis that has such 
maximum tension below the cavitation threshold. 

• As to the claimed "nucleating agents", the thermonuclear reactions in Margulis 
inherently produce at least neutrons and photons, and these are inherently directed to the 
tensioned liquid because said particles and said liquid are In the same contained volume of the 
apparatus. 

• As to the bubbles being substantially filled with vapor, applicant has not defined the 
term substantially filled, and the examiner Interprets this term broadly to read on any degree of 
fillingthat occupies most of the internal volume of a bubble. 

• One can always find a plurality of bubbles in Margulis that is mostly filled with vapor 
because of the heat produced from the thermonuclear reaction . 

m As to the growing of the bubbles and the temperature generated from the system, note 
page 6, last 2 lines in the English language translation of Margulis. 
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The appellent respectfully submits that there are fundamental differences between Margulls 
and the present invention as claimed in Claim 34 and its dependant claims: 

i. Margulls requires a liquid under positive pressure for their reactions - it is a compressed 

liquid. Margulls requires gas insertion into the liquid fortheir process. Nowhere in 
Margulls is there reference to tensioned liquids. {Tensioned liquids have an absolute 
pressure of less than zero). In fact tensioned fluids cannot support the required seeding 
of D and/or T enriched and saturated gas bubbles together an Inert gas, required for 
operation of Margulis. In contrast, the present invention requires a tension state as 
stated in claim 34, but no gas bubbles as required by Margulis. 

ii. Margulis Is enabled b y the introduction ofaas bubbles containing D and/or T atoms 
and an inert gos to saturate the parent fluid in a constant electric field . The present 
invention introduces the target D and/or T atoms by vaporizing the parent liquid. 
There is no enablement requirement with gas bubbles in the present invention. Claim 
34 and its dependants clearly state the working liquid to be enriched with D and/orT 
atoms and does not depend on any inserted gases nor the presence of an externally 
imposed electric field. 

iii. Margulis with the gas saturated fluid cannot sustain a tension state. The background art 

is replete with examples of foaming of liquids saturated with gas as an inherent 
limitation for tensioning. For example consider the analogy of a gas saturated soda 
bottle that is opened to atmospheric pressure. Therefore the requirement of a 
tensioned liquid is not possible in Margulis. Therefore, tension micro-bubbles cannot be 
formed in Margulis. Therefore, for Margulis, even if nucleating particles are present, 
considering that a tension state Is not attained, the conditions for these particles to 
initiate cavitation bubbles in a tension state in the liquid will clearly not be met. 

iv. If thermo-nuclear fusion occurs in Margulis, then neutrons produced will be when the 
gas bubbles are compressed therefore the liquid will be under positive pressure and 
not tension. In present invention, a cluster of several hundred highly transient liquid molecule 
vapor bubbles are formed on-demand synchronized in time with the acoustic tension field by 
known (external to system) flux of incident neutrons or other stated nuclear particles per 
Specification, Therefore there is no parallel between the present invention and Margulis 
on the nucleating agents. 

V. If thermonuclear fusion occurs in Margulis, then it is true that there will be soon 

thereafter, rise in the temperature in the predominantly gas bubble. However, there is 
no possibility of the bubbles being substantially filled with vapor before such a 
thermonuclear fusion reaction occurs - if such a reaction were to occur in Margulis. 
The bubbles in Margulis are by design filled with a D and/orT enriched gas unrelated 
to the liquid. 



The appelent submits therefore that claim 34, 35, 37-40, 45 are not anticipated by Margulis 
and should be allowed. 
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10. in claim 36, whether under 3S U.S.C. 102(b} are anticipated by IVIargulis (RU 2096934) 
with regard to heat exchangers. 

The appellent respectfully submits that there are fundamental differences between Margulis 
and the present Invention as claimed In Claim 36: 

Margulis uses two heat exchangers. The first to heot the liquid and the second to convect away 
heat created from a possible thermonuclear reaction by neutrons penetrating a blanket. In 
contrast the present Invention coots the liquid to below an ambient temperature as noted in 
claim 36. 

The applicant submits therefore that claim 36 is not anticipated by Margulis on this factor as 
well. 

11. In claims 42 whether under 35 U.S.C 102(b] are anticipated by Margulis (RU 2096934) 

The appellant respectfully submits that there are fundamental differences between Margulis 
and the present invention as claimed in Claim 42: 

The appellant respectfully submits that in Margulis, if neutrons are produced with a possible 
thermo-nuclear reaction, such neutrons are available only under positive pressure and 
therefore cannot nucleate bubbles. In contrast with the present invention where the neutrons 
are utilized during a tension phase of the process. Therefore Margulis does not read on the 
present invention on this factor as well. 

12. In claims 34, 35, 37-40/44, 45 whether under 35 U.S.C. 102(b) are anticipated by Upson et 
ai., "Initiation effusion reactions In media containing deuterium by cavitation/' Soviet 
Physics: Technical Physics 37 (1992) . 



The examiner states in support of rejection of claims 34-40,42,44 and 45: 

• As to claims 34^35,37-40,44, and 45, Lipson et aL, disclose a method for creating fusion 
reactions in media containing deuterium by cavitation. {As to the Interpretation of the 
undefined terms in applicant's claim, the discussion above relating to Margulis applies also to 
Lipson et aL). 
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cT2:^:ZTZ'""''- " "^'^^ on Of „eu,™„s ,.e, page 

protrusions. examiner have no reference to such metal 

tension state of the liquid as in the present invention ""^ ^ 

L.pson. The applicant respectfully submits that this claim should therefore be allowed 
13. In claims 36 wvhether under 35 U.S.C. 102(b) are anticipated bv LIpson et ai ' Initiation of 

ThXT^tC"^"'^'''""'"'"*^^^ 

^T^^:^::S:^Zl^:;^'^^^r - - — ^ -oled vess. .see pa.e n^O, 

t'h'i! TK ' temperature of 30 C ±10 C and cools his apparatus to 

Inlr,? r^'^"' ""^y "^'^^ ^"^bient as claimed. Any scientific 

apparatus may be cooled to a required range of optimal performance. The fact that both 
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apparatus are cooled to their respective optimal temperature ranges does not imply that the 
present invention reads on Upson or for that matter any other cooled apparatus. 

The appellant submits therefore that claim 36 is not anticipated by Lipson. 



14. In claims 42 whether under 35 U.S.C 102(b) are anticipated by Upson et a\„ "Initiation of 
fusion reactions in media containing deuterium by cavitation/' Soviet Physics: Technical 
Physics 37 (1992) , 

The examiner argues that as to claim 42, applicant's claim language, "neutron source" reads on 
the fusion reactions In Lipson et al. that inherently produce neutrons. 

The appellant submits that that if Lipson results in a Fusion reaction the neutrons emitted 
would be available at a time after it has utility in creating cavitation as in the present invention. 

The appellant submits therefore that claims42 is not anticipated by Lipson. 



15. Whether claim 41, is patentable over either Margulis or Upson. 

The examiner states in support of rejection of claim 41: 



Cto/m 41 fs rejected under 35 U.5,C, 103(a) as being unpatentable over either one of 
Margulis or Upson et al. The size of the bubble Is a parameter that depends upon specific 
design constraints for the system, e.g., the desired energy density of the bubbles (see 
page 5 of the English language translation of Margulis). Thus, it would hove been 
obvious to modify Margulis or Upson et al. where an application requires the claimed 
size of the nucleated bubbles. Such modification would have been within the knowledge 
and capability of one of ordinary skill in the art at the time of the claimed Invention. 



The appellant respectfully submits that even if it were proper to combine background art where 
there Is no prior art teaching for their combination, no combination of Margulis and Lipson can 
replicate the present Invention as Margulis is enabled with gas bubbles inserted into an 
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unrelated liquid and Lipson is enabled with a metal vibrator or protrusion in the fluid, neither of 
which are required for the present invention. 



Moreover, even if these enablement requirements for Maraulis and Uoson were not present. 
the methods of both Lipson and Margulis use intentionally gas saturated liquids that result in 
foaming. Such foaming is governed by the ambient pressures that limit bubble size and simply 
produce more bubbles of the same size. In contrast the present invention utilizes thetensioned 
state of the liquid to stretch and grow the nuclear particle seeded bubbles to the required 
sizes. Therefore the conditions of neither Lipson nor Margulis allow for the growth of bubbles. 



The appellant respectfully submits that this claim should therefore be allowed. 



16. Whether claim 43 and 46, are patentable over either Margulis or Lipson, In light of 
Didenko et al. 

The examiner states in support of rejection of claims 43 and 46: 

Claim 43 and 46 are rejected under 35 US.C. 103(o} as being unpatentable over either 
one of Margulis or Upson et al. in view of Didenko et a/. (Nature 418,7/25/02), Margulis 
or Upson et ai disclose(s) the applicant's claims except for the organic liquid. Didenko et 
al. teach that organic liquids are advantageous for processes involving cavitation 
because of their very low volatility (see page 4, last full paragraph). 

Therefore, it would have been obvious to one having ordinary skill In the art at the time 
the invention was mode to modify the method, as disclosed by Margulis or Upson et oL, 
by the teaching of Didenko et oL, to use organic liquids (which hove high 
accommodation coefficients) for the cavitation liquid, to gain the advantages thereof 
(i.e., low volatility), because such modification is no more than the use of a well known 
expedient within the art 



The appellant respectfully submits that even if It were proper to combine background art where 
there Is no prior art teaching for their combination, no combination of Margulis and Didenko or 
Lipson and Didenko anticipate the present invention. 
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iii. Marguiis is enabled \ n\1\\ gas bubbles inserted into an unrelated liquid. Using an 
organic liquid as recommended by Didenko does not remove the enablement 
requirement of Marguiis. 

iv. Lipson is enabled vj\X\\ a metal vibrator or protrusion in the fluid. Using an 
organic liquid as recommended by Didenko does not remove the enablement 
requirement of Lipson. 

V. Didenko {July 2002) is preceded by the priority dates of the present application 

and is therefore not an item of background art (or prior art). 

The applicant respectfully submits that these claims should therefore be allowed. 



17. Whether the duplicate claim 34 vs 44 can be overcome with the proposed amendment. 

The appellant submits an amendment to remove this duplicate claim. 



18. Whether Claim 47 Is rejected as directed to a non-elected ins/ention. 

The appellant has amended the claim to be a metliod claim and therefore within the elected 
species. 
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(J) Claims appendix page(isi); 
Claims: 

1. A nuclear fusion reactor, comprising: a) a reactor channber for holding a working liquid 
molecules, s^id working liquid molecules including at least two nuclei of heavy isotopes of 
hydrogen; b) structure for placing at least a portion of said liquid into a tension state, said 
tension state being below a cavitation threshold of said liquid, said tension state innparting 
stored energy into said liquid portion; c) a nuclear cavitation initiation source for nucleation of 
at least one bubble from said tension liquid, said bubble having as an nucleated bubble radius 
being greater than a critical bubble radius of said liquid; d} a pressure field source of growing 
said as nucleated bubble to form at least one expanded bubble; and e) a pressure field for 
imploding said expanded bubble, wherein following implosion of said expanded bubble a 
resulting temperature sufficient to Induce at least one nuclear fusion reaction is provided to 
said liquid. 

2. The reactor of claim 1^ wherein said structure for placing said liquid under tension comprises 
and acoustical wave source. 
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3. The reactor of claim 1, wherein said structure for placing sard liquid under tension comprises 
an acoustical wave source. 

4. The reactor of clainn 2, wherein said acoustical wave source includes an acoustical wave 
focusing device. 

5. The reactor of claim 1, wherein said structure for placing said liquid under tension comprises 
at least one centrifugal source. 

6. The reactor of claim 1, wherein said structure for placing said liquid under tension comprises • 
at least one magnetrostrictive source. 

7. The reactor of claim 1, wherein said structure for placing said liquid under tension comprises 
at least one piezoelectric source. 

8. The reactor of claim 1^ wherein said nucleated bubble radius is less than 100 nm. 
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9 . The reactor of claim a, wherein a ratio of a maximum radius of said expanded bubbles 
divided by said nucleated bubble radius is at least 105. 

10. The reactor of claim 1, wherein said nuclear source comprises at least one selected from 
the group consisting of alpha emitters, neutron sources and fission fragments. 

11. The reactor of claim 1, wherein said nuclear source comprises a neutron source. 

12 . The reactor of claim 11, wherein said neutron source is an isotopic source having at least 
one shutter, said shutter opened to synchronize neutron impact with location in said liquid 
when said liquid is at a predetermined liquid tension level. 

13. The reactor of claim 1, wherein said nuclear source comprises an alpha particle source. 

14. The reactor of claim 13, wherein said alpha particle source is dissolved in said liquid. 

15. The reactor of claim 1, wherein said liquid comprises deuterated acetone. 
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16. The reactor of claim 1, wherein said reactor further includes a controller for synchronizing 
delivery of at least one cavitation signal from said cavitation initiation source at a 
predetermined location in said liquid. 

17. The reactor of claim 1, further comprising a structure for cooling said liquid to a 
temperature below an ambient temperature. 

18. The reactor of claim 1, wherein said fusion reaction generates at least one of tritium and 
neutrons. 

19. The reactor of daim 1, further comprising at least one external constraint for restraining 
said liquid, 

20. A nuclear fusion-based electrical power plant, comprising: a) a reactor chamber for holding 
a working liquid; said working liquid molecules including at least two nuclei of heavy isotopes of 
hydrogen; b) structure for placing at least a portion of said working liquid into a tension state, 
said tension state being below a cavitation threshold of said liquid, said tension state imparting 
stored energy Into said liquid portion; c) a nuclear cavitation initiation source for nucleation of 
at least one bubble from said tension liquid, said bubble having an as nucleated bubble radius 
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being greater than a critical bubble radius of said liquid; d) a pressure field source for growing 
said as nucleated bubble to form at least one expanded bubble; e) a pressure field for 
imploding said expanded bubble, wherein following implosion of said bubble a resulting 
temperature sufficient to induce at least one nuclear fusion reaction is provided to said liquid^ 
and f) structure for converting energy released from said fusion reaction to electrical energy. 

21. A nuclear fusion-based projectile launcher, comprising: a) a reactor chamber for holding a 
working liquid molecules, said working liquid molecules including at least two nuclei of heavy 
isotopes of hydrogen; b) structure for placing at least a portion of said working liquid into a 
tension state, said tension state being below a cavitation threshold of said liquid, said tension 
state imparting stored energy into said liquid portion; c) a nuclear cavitation initiation source 
for nucleation of at least one bubble from said tensioned liquids said bubbles having an as 
nucleated bubble radius being greater than a critical bubble radius of said liquid; said bubbles a 
resulting temperature sufficient to induce at least one nuclear fusion reaction is provided to 
said liquid, and d) a movable constraint bounding said reaction chamber for transferring energy 
from said fusion reaction to propel a projectile, e) a pressure field for imploding said expanded 
bubble^ wherein following implosion of said bubble a resulting temperature sufficient to induce 
at least one nuclear fusion reaction is provided to said liquid, and f) a movable constraint 
bounding said reaction chamber for transferring energy from said fusion reaction to propel a 
projectile. 
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22. A method for producing nuclear fusion, comprising the steps of: a] placing working liquid 
molecules into a tension state, said working liquid molecules including at least two nuclei of 
heavy isotopes of hydrogen, said tension state being below the cavitation threshold of said 
working liquid, said tension state imparting stored energy into said working liquid; b) cavitating 
at least a portion of said tensioned liquid with nuclear particles sufficient to bubble nucleate at 
least one bubble, said bubble having an as nucleated bubble radius greater than a critical 
bubble radius of said liquid; c) growing said as nucleated bubble to form at least one expanded 
bubble using a pressure freld; and d) imploding said expanded bubble, wherein a resulting 
temperature from said implosion is sufficient to induce a nuclear fusion reaction involving said 
liquid. 

23. The method of claim 22^ wherein said fusion reaction is a D-D reaction or a D-T reaction. 

24. The method of claim 22, further comprising the step of degassing said liquid. 

25. The method of claim 22, further comprising the step of cooling said liquid to a temperature 
below an ambient temperature. 

26. The method of claim 22^ wherein a centrifugal source is used for said tensioning. 
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27. The method of claim 22, wherein an acoustical wave source is used for said tensionrng. 

28. The method of claim 27, further comprising the step of focusing acoustical waves provided 
by said acoustical wave source. 

29 . The method of claim 22, wherein said as nucleated bubble radius is less than 100 nm. 

30 . The method of claim 22, wherein a ratio of a maximum radius of said expanded bubbles 
divided by said as nucleated bubble radius is at least 105. 

31 . The method of claim 22, wherein a neutron source is used for generating neutrons, further 
comprising the step of synchronizing neutron impact with a location in said working liquid 
having a predetermined liquid tension leveh 

32 . The method of claim 22, further comprising the step of synchronizing delivery of at least 
one cavitation initiation signal with a desired tension level in said liquid. 
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33 . The method of claim 23, wherein said liquid comprises deuterated acetone. 

34. A method for producing thermonuclear nuclear fusion, comprising the steps of: providing a 
working liquid enriched with molecules comprising isotopic 0 or T atoms ; placing at least a 
portion of said liquid into a tension state, a maximum tension in said tension state being below 
the cavitation threshold of said liquid, said tension state imparting stored mechanical energy 
into said liquid portion; directing fundamental particles, at said liquid portion when said liquid 
portion is In said tension state, said nucleating agents having sufficient energy for nucleating a 
plurality of bubbles substantially filled with vapor from said liquid, said bubbles substantially 
filled with vapor having an as nucleated bubble radius greater than a critical bubble radius of 
said liquid; growing said bubbles; and imploding said bubbles substantially filled with vapor, 
wherein a resulting temperature obtained from energy released from said implosion is 
sufficient to induce a nuclear fusion reaction of said isotopic D or T atom comprising molecules 
in said liquid portion. 

35. The method of claim 34, wherein said thermonuclear fusion reaction is a D-D reaction or a 
D-T reaction. 

36. The method of claim 34, further comprising the step of cooling said liquid to a temperature 
below an ambient temperature. 
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37. The method of claim 34, wherein said tension state is a part of a time-varyrng pressure 
state including compressive and tensile portions. 

38. The method of claim 34, wherein said tension state is a constant tension state. 

39. The method of claim 34, wherein an acoustical wave source is used for said tensioning. 

40. The method of claim 39, further comprising the step of focusing acoustical waves provided 
by said acoustical wave source. 

41. The method of claim 34, wherein said as nucleated bubble radius is from 10 to 100 nm. 

42. The method of claim 34, wherein a neutron source is used for said nucleating, further 
comprising the step of synchronizing neutron impact with a location in said liquid having a 
predetermined liquid tension level. 

43. The method of claim 34, wherein said liquid is an organic liquid. 



UNITtO STATES PATENT 10/692,755 Page 38 of 76 APPEAL BRIEF 

PAGE 40/77 * RCVD AT 2/27/2000 11:27:47 PM {Eastern Standard Time] * SVR:USPTO-EFXRF-6/46 * DNiS:2738300 * CSIO:301 320 88 00 " DURATION (mm-6S):18-28 



Feb 27 2009 23:34 



301 320 88 00 



p. 41 



44. The method of claim 34, wherein said fundamental particles are selected from the group 
consisting of alpha particles, neutrons and fission fragments. 

45. The method of claim 34, wherein said growing and imploding occurs responsive to an 
applied acoustical field. 

46. The method of claim 34, wherein said liquid is a high accommodation coefficient liquid. 

47. A method for producing thermonuclear fusion, comprising the steps of : filling a chamber 
with a high accommodation coefficient liquid; inducing tension in said high accommodation 
coefficient liquid; directing a nucleating agent comprising at least one of: neutrons, alpha 
particles, photons and fission products to said chamber; enhancing the size of the nucleated 
bubbles in tension to a volume greater than a predetermined volume before inducing 
controlled implosion; thereby producing thermonuclear fusion. 

48. A method of claim 34, wherein the working liquid is de-gassed prior to being put in a 
tension state. 
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Affidavit Xu Pages 41-48 

Affidavit Cho Page 49 
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This afRdavtt tseing supplied to state that if called upon, I, Ylban Xu wouM be competent to 
confirm as to the accuracy of the fbUowing in relation to the experiments on bubble (sono| 
fusion that I have conducted or partfcCpated in: 

1. I am maldng this statement of my own personal knowledge and of my own free wU!. M 
of the facts cofitained fn th|$ statement are true. 

2. I obtained my PhD In Nudear Engineering from Purdue University In 2004. 

5, The bubble fusion test eell apparatus used for my Independent confirmatory studies (Xu 
et al., 2005} was based on the teachings and design Information of the ^ventlon 
document entitled "Methods and Apparatus to Induce 0-0 and 0-T Reactions - Co- 
Inventors: Rusi P. Taleyarldian and Colin D. West; US Patent and Trademark Office 
(USPTO) Application 10/692J&S, Filing Odte Oct, 27, 2003, Pub.Date: lunJl^, 2005* aho 
used by the Taleyarkhan et al. team as reported In their published papers (Taleyarlchan 
et al., 2002; Taleyarkhan et al., 2004; Tatoyarkhan et al.; 2006). 

4. There was no intentional effort to dssolve gases Into the test liquid prior to conducting 
bubble fusion experiments but degassing was conducted per teachings of USPTO 
10,692,755. 

5. Control experiments were systematically conducted changing only one parameter at a 
time. This was done to ensure that thermonuclear teAble fusion signals (fteutrons 
and/or tritium) were generated only wtien the test liquid was d^tuterated, and when it 
was undergo^ nuclear particle based cavitation whh spherically Imploding bubble 
dusters per teachings of USPTO 10,692,755 {FfeS), all else remaining the same. 

6. The weB4Lnown required signs of thermonuclear fusion (Gross, 1M4) were reproduclbly 
obtained, peer reviewed, and recorded as published In my studies. These Included: 
emtsslon of neutrons of ''2.45 MeV wld> over n standard deviation (SO) sUtistical 
significance as shown In Fig. la. The appropriateness of the meas^tred spectral shape 
for my experiments as representing 2-45 MeV neutrons from nudear fusion was also 
separateh^ confirmed (Fig. ib| with a 3-D Monte^arto based simulation of my 
experimental system usir« well-known and established US-federally sponsored 
computer codes (MCNI» 2003; Dickens, 1998) togetl^r with an independent mediod 
based on combination of the well-known MCNP code system wtth the actually measured 
and published neutron spectra for my detector type (Lee-Lee, 1998), These results are 
commensurate with teachings of USPTO ia/692;.7S5 (Fig. U). 




1 
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7. A4y eKperlments also examined for trittum » would be emitted from nuclear fusior^ atid 
it was found that the neutron einisskms of para. 6 above, were reprodudbly 
accompanied with rommenfturate emission of tritium with over 4 SO statistical 
signillcafice if\g. I) when bubbie imptosions were spherical (Fig. da> versus elongated In 
the form of streamers (see fig. 3bL when such fusion does not occur. When the bubble 
implo^ns were spherical (Fig. 3a) they are audible and recordable shock traces v^ich 
are also accompanied with emission of light flashes if$%. 4a) thereby. Indicating ^ot, 
highly compressed conditions for my experln>ents as would be the case for 
thermonuclear fusion. Positive nudear emissions from my expertments indicative of 
thermonuclear fusion were obtained reproducibly on several different days and also on 
wttMn the same experimental campaign on a ghm day. These results are 
commensurate with teachings of USPTO 10/692,755 (Figs. 3, 10, 11^ and 12). 

8. Production of neutrons as byproducts of this method and process liave significant 
potenttai utility, e.g,^ for Interrogation of materials for non-destructive examination of 
molecular compcnjnds as at airports and cement industrfes^ for radiation therapy^ for 
diagnosis. The same is true for tritium, a special nuctear material of signlfkance not 
only for the commonly attributed use for maintaining the nuclear stodcplJe but more so 
for wide variety of Mustrial applications as use in airport runway (fghts» non -electricity 
based passive lighting, use as a radio-tracer and taggant for molecules In molecular 
biotogy research. The utility aspects of a neutron-tritium source are well established 
(seev e4|., Waltar, 2004). 

9. This method of inducing D-O and D-T reactions Is firtbermore, distinct In that there was 
no acoustic horn or such vibrator that was dipped Into the test liquid during conduct of 
my reported bubble fusion experiments, in my bubble fusion experiments of the type 
reported by Taleyarfchan et al. the nucteatlon of bubbles occurs away from solid^qukl 
interfaces. Acoustic energy was provided into the test liquid by use of a prezo^ectric 
element epoxied to the outside of the glass wall. 

10. In the experiments that I was Involved^ care ¥vas taken to ensure that there were no 
extraneous sources of nudear particles that could have given rtse to the bubble fusion 
signatures as reported for my experiments and studies (Xu et al., IQCSy 

11. The pressure distribution of the bubble fusion test cefi (as used for my studies based on 
teachings of USPTO 10/692^755 produces neutron sensith« cavitation regions eway 
from the solid^iQuld interfaces. This Is due to the pressure profiles which ensure that 
bubbie nudeatlon taltes place within the builc of the liquid once the Input power is 
increased above a certain level readily determlr>ed experimentally. This attribute Is a 
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consequence of the pressure profited in such a desj^ which is an aspect that I have 
oonflmned for mysetf while conducting oscfllatlng pressure mapping tests also. 
12. It is a wen-known fact (Gross, t9B4} that Kxndltlons for 0-D fusion subsume conditions 
for OT fiision which are "'lOO times easier to InittaCe. 
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Re. la: StitlstlcaUy stgnmcant (over 11 standard deviations) 2.45 MeV excess neutrons 
ther monuctear fusion with neutron seeded cavitation ^ deuterated acetone(C3060} and nu<l resutu 
from control experintenu with non-deuterated acetone (C3H60) under tdentlcal conditions; confirms 
teaching! cf USPTO 10,697 JS5 (Rg. XI]. FIg.la Is 6M«rpted ^om Xu et bL (20Q5» Micfeor Engtneerkig 
oodOes^n Journal}; 




60 «0 



100 120 140 



ng.lb: Independent Mumedcal Affirmation of 0-D fusion 2.45 MaV neutron spectra vvith Monte- 
Carlo computer Model simulatlans of Xu et, al. (2005) ©cperlment using two Independent approaches: 
MCfJ(^*saNFUl iiSDa£ codes (Dickens, I9gg; MCNP, 2003) and MCNP-LeeLMlI»8) Measured NE-213 
detector Predictions. 
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fig. 2: Statistically sJgnFflcant (4 standard devfatlons) * ReprodudUe, D-D nudear fusion based tritkim 
emission with neutron seeded cavitation of deuterated acetone with spherical Imploding bubble diKters 
and null results for all other control eMperlments commensurate with teachings of USFTO 10,692,755 
(Fig* 10); NuO results are also noted with C3D60 when bubble ^pes ere non^phertcal (streerriers); 
eMcerpced frmi Xu ct al. (200S). 



YlbaiiXu. 




Date: 



PAGE Ami ' RCVD AT 2/27/2D09 11:27:47 PM {Eastern Standard Time] * 8VR:U8PTO-EFXRF-6M6* DNI8:2738300 " 0810:301 320 88 DO * DURATION <mm-5S): 18-28 



Feb 27 2009 23:35 



301 320 88 00 



p. 48 



StatetiiMt of Dr. VthwUCy 

tkQim QZms a4m Mm QiBms 1.0rm t.2fna 




1.4nw 1.6 ins tBm 2,Cmm 22 ms 2.4 ms 2.6 Rtt 




iSffli aoras a2ras Mms as/n aens 4.0 ma 




4.2ma 44 ms CSms 48 ms &Drm S.2cw Sims 




Ffg. an: Spherical bubble duster ^epcs for suooesslut bubble fusion experlnnents comiiiensurate wHh 
teacMfvs or USFTO appllcatloffi 10.682.755 (Ftg. St: ng3a excerpted from Xu at al. (2005; Nudear 
in^fnm'fngafU/OeslQi^Jounmi; Nuclear Reactor Themal Hydraulics Conferencep NUfieTH-XX 2005)1 
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F^. Sb: Non-Sphericai elongated bubble dusur shapes resutting tn unsuccessful bubble fusion 
experiments; Fig. 3b Is excerpted from Xu et aL (2005; Mudbor £ngfnecring and Design Journal, 2005; 
Proc Intt. Nuclear ftesctor Thermal HydrauRca Conference, NUR^-Ur 2005) 
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F^. 4a: SL light flashes for sphericatty Imploding bubbles follOM/ed by shock wave 30 p^ later for 
spherically impfodlngbtibbles commensurate with teachings of USPTO 10,692,75S (Fig. 3); Flg^ is 
excerpted from Xu etai. (200S, NURETH-11). 
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ng. 4b: Absence of SI light (Mm and shock aig^h for non-sphericafly Imploding bubbles lead^ to 
unsuccessful bubble fusion, per USPTO 10,02,755; Fig. 4b is ttccerpted from Xu «t di. (2005, MURFTH- 
11)- 
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ThU ^ffliiavit U being ti/pptMd to st«te that If catWd upon, t laeSeon Cho would be co/npetient to confirm bo the 
afciiiacyof the foilowinsin rebtion to the expfirtinant& on bubble (sojio) fusion that I hawe conducted or 
psrtMpmd in: 

1. 1 am making this ytatemem of my ovim persoful knoiMtedgs »nd of my own f/ee t. All of il« fftcts 
contained In this statement are true. 

2. I obtelned my PhD In NudearSrislneeHns ^ 1999fronn Seoul National Untverslty and 1 cuirentlv work for 
FNC Tech. Inc, ■ high-technolosy company fn ft. Korea whore I rosfda. 

3. The bubUa fusion test call apparatus used far nny shidies was based on tho design used trf the 
Taleyirthan et al. team as reportsdtn tfielr published papers CTalevarkhan et al^ 2€0Z;TatevBTkhenc(ai., 
JAM: Toleya lidian at al.; 2006), Tliis b true alio ior thm apparatus In my paper (Cho e t a I., 20O3] . 

4. There was no Intentional effarc to dasaotYDf mbs Into the text liquid prior to condvcting bubble fusion 
axparirrtMts. 

5. Control experfm£nti were conducisd to ttmurs that bubble fuilon signals (hq utrarvs a nd/or tr \l\uer} w ere 
eenerBted on^ when the test llqutd was deirterated, and when It was undersolnc nuclear particle based 
cavft^tlon. 

6. There was no acoustic horn or such vibrator that dipped Into the te5t Qqufd du/ing conduct c3f my 
reported bubbl a fusion ejcperltnenls. In my bubble fu&fon experiments of the type re porta d by 
Talflvarfchan et al. thenucfaation of bubbles occurs a way from sail d-h quid fnterfacea. Acousdc en^rigy vwas 
provided Into the test llquMby uae of a pleto-electrfc eiernentcpoidedtothe outside of the glass wall. 

7. In the experiments thst I was (rivoNvd# c^ra vraa taken to ensure that there were no cxtranooku sources 
of nuclear partCcies that could have given fise to the bubble fusion algnatiircs as rcporied for my 
esqserlments and studies. 

B. Tlie pressure drstrlbution of the bubble fusion test cell bs used for my 5Tudles (Cho et al^ 2004>] was baied 
on the Taleyerkhan etDt.« 20O2 design* Itproduces neutn^n sensitTve regions away from the selld-Uquid 
InterfBces. Thla is dus to the inchiCad preuuro profiles^ whrch ensure that bubble nuelefttimn takes placs 
wftKln the btillc of the liquid* This attribute is a consequence of the pressure p rofles in such a design 
whlcli Is an aspect that I have confirmed far myself while conducting esclltetfng pressure mapplnft testa 
ftee Fie*- 2 and 6 of Cho et al;, 20041. The threshold pressure fat neutron ba»etf nucfeation Is readily 
determted by Increaslrrgeooustlc powertoihe poJitt where nuclear particle based cavlcsttoa begins. 



« Cho» J. 5v& A< R.Talevarhhan* Proc. 10^ Int. Conf. NucL Reac. Thermal Hydraulics* Seoul, SKorea« October 
^3. 2003. 

• T9leyarU»an» It P.« eC a).^ Science. 235, XS^S, 3002. 

• Tsleyirfdian, R.P.^ et al., Phys. Rev. C« 69, 2004. 

- Talevarldian, R.P., et al.. Phy9.Rev.LtrSs.g6.a34301«2aD6. 
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AHIdavB of Profe^^orWIHUQrn P^Ofl 

This affidav'rt is being supplied 1o state fhal if /called Upon, l» vyilliam-Bugg would be 
competeni to testily as fro the occurocy of the foilowing in relation to The experiments 
. and studies on bubble (sono) fu5ion that I hove conducted or pof'tkripated in: 

1 . I am making this affidavit of my own personal knowfed©©, pnd of my own free 
will. All of tRe facts contained in 'this (affidavit are trae. 

2. ) obtained nny PhD In 1 959 from the University of tennessee-Knoxville, where 1 
served as Head of Phjyslcs from 1 969 to 1 I am a Feilow of 1h© American 
Physical Sociefy and dm currently o sdeniifi^TOseorchef at starrord University s 
SLAC racllllv. 

3. The bubble fusion test ce^l apparatus used for the confirmatory studies I was 
invofved In (Bugg:, 2006) was similar to that used by the Toleycrkhan et ol. teem ^ 
as rsported in meir pubilshed bopers (TaleyCTlchan et al.. 2002; Taleyorkhon et ai.. 
2004; Taleyarkhan et al.: 2006). 

4. There was no intentional effort to dissolve g|c»eis into the test llc^uid prior to 
conducting bubbfe fusion experiments. ©rt-The contrary the containers were 
Initially pumped to retnove gosses. 

5. Control exMrvnenls were conducted to ensure t^^ot bubble fuslori signals 
(neutrons and/or tritium) were generated only when the test liquid wqj ^ 
oeuterated, and when n was undergoing nuclear panicle based cavitotion, 

6. There wos no acoustlc-hom of such vibrator ttKat was dipped jnto the test liquid 
during conduct of my bubble fusiorvexperrments. m my bubWe fusion ^ , , ^ 
expenments of the type reported by ToleyiOf khan et al. The r^ucteotlon of bubbles 
occurs away from sona-llquid interfaces. Acoustk: ©nerrgy vyas^provided Into the 
test Bquld by use of a plezo-electric element epoxled'tiii the oulsid© of the gloss 
wotl. 

7. In the experiments that i wos.involved In, I corsfuily ensured tine absence of 
external sources oF neutrons (such as.CdIifomiumi ttiat. could have gfven rise to 
the bubble fusion neutron emfsston sfgnalures as documented in my r^ort 
{Bugg,20O6J. 

8. For the bubble fusion conRnmatQ^jy experfments tliat I oarticipated in. i noted that 
sphericoliy-shoped bubbles formed and Imploded wrfhin the bulk of the liquid 
oway from the- wolls of containers , 

R^fyggceigitQd Abov^: 

■ BuQS' w.. "Report on Activlriea on June 6-7 Visit./' Report to Purdue Unlvefiiiy vloemofl 
attochivienl, June 9« 2006. 

• Tateyarkhan, R, P« et oL -Science, 795, 2005t 

• Taieyaikhon, R.P.^ et al., Phys. Rev. 69, 2004. 

• Toieyaikhcn, R.P et oL, Phys. Re^^.}^Us. . 96, 03430}, 200^. 
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Modeling* analysis and prediction of neutron emission spectra from acoustic 
cavitation bubble fusion experiments 

R.R Taleyarldian^ V J. Lapinskas*. Y.Xu^./.S. Cho>>. R.C. Blocks R.T Laheyjr*^, RJ. Nigmatulin'^ 
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ABSTKACT 



5elf-fiiid*ftttd«nd eacxnal iitutton nudeaoed AcmutfeCbutbta fus(on) cavitatioa experiineneahavc be* a 
modftifld and txiaJyied for neutron spectral cfi^nicOQiistict At the detBctor Jocatlont for b\1 separate sue 
c«ssftil publl£t)ed bubbk Cuaion >tvdj«t. Ourpre died vea^arodch was first colibnted And vaKdated A£ilxiat 
lbs nuamnd uubon tpectnim emiktrd rrom a spontanaxu ^ssioa source (^^Cf\ ftara s Pu-^Bc source 
drndfhNnanacoBlcrater-baied cEMnioeneTsettclO MeV neutrons, re9pectivTly.7TiT«e>dlinenslanalbIaote- 
Ciiloncucnin transport cjJcuUt)oa> of 2.45MeVTiriJtTDcu fto(nfmplodiQ£ bubUepwere conducbe^. using 
the well'iBumn MCKFS tr^mspoDrtCDde, Tortitie publtsbed onstJ^ol eKpericneau} si udJes of T^leyaitlua et 
ITiilieyarlcfaarv eC 2002. Science 295, lasS; T^leyvkluin, «raU 2004, FtTV^ Rev, E 691 036109: me- 
yarkhaa et aL. 200fiat. PRL 96; 0343 ; lUeyukhan. et 20Ci6bL PRL 97, 149404) as alio the nzoaeasfUl 
ccmftaaailon studiei of Xu et al. |Xu. Y^ciaL, 20QS. Nuclear Enz. Des. 235, l3l7>ta24U Rntn^r ec iL 
(RMTlnger. E.. at pU 20O6aL TtaxuActioD on Americra Nudear Society ConAereoce: voL 9S. AHmcmenju^ 
NM, USA. Kovember IS. 200S. p. 736; Ibcringer. et al. 2006l]u Proceedings of ctM Infiematloiul Coii- 
fbrence on nulaa Eneisy. Albu gucrque. HtA. USA, rfowunter M . 2G06) and Bus ( Bug^ 20061 Iteport 
on Activities on June 2O06 Vlsft. fteport ta PuiduB Urlventty, Jnce 9. 3006t NE-2t3 liquid sdntillJtion 
(LS) decector response wu caJculaced hsIev ttirSaNinui code. These were ciDis-cbcdoed minsa sep- 
arate Ifldependent aivpnsch involvins vf^sgtMns cooiMlutlfif MQVPS pcedicCons witti ptditifthed 
eiverimenbU/ meamrad NE-2I3 dcttcCDi neutron Tesponse oaves (br mosoenerBetic fmsonns ai varS- 
ous encfsles- the Impact of neutron pulsc-plleup duriog bubble ftision was vcriRed and enfmned with 
pulsed peuiron gejier icor based expeiirnents and Arst^prlnd^le calcvl^tlans, Re^ts ofxmSrlinK'cafn- 
experiinentatian wt re fo und to be con j i «cnt with publish ed «cpm mentally observed dgoj tron 5pean fsr 
2.49MeVnautranetnissLons dimnBaooustk cavitation {bttfafaSe) fusion expensrcntal condltiansvytthand 
without ice-padc (thermal) shieldins- Calailatsd ncutton spccCn wJtfa the Inclusion of toe-pack thitadr 
Ins eon^stenr with die pablfshsd vpcctia ftom expenneats oTlkleyaHdian at al. Ilkley&rkhan. et aL 
2006a. m9a03430naAd ccal. {Xu, V^etaL 2)0»,NudwEzi>& Oes. 235. m7-n24| vrberr Ire^ck 
shieldijig present; where* 9 without ice-pack sh^ldUtg che calculated iiQutz«n spectrum Is eonsistrnt 
widt ibc «tpeii menial^ otoserved oeimoA spectra pri^leyjtkhao ct aL [taleyvTldUiv et al^ 2O02; Sd- 
anoe 29^. ISfiS : Tsfeyattchaxa. e t aJ. 20O4. Pfays. Rev, E 69. Q36r09J and P»rrt4cer et al IfbtTlngef. E. et aL. 
2006a. lYansaedon on Amedcan Nudcar Society Confere nee, voL 9S> Albuqveique. NM, USA, Newenbcr 
ISh 20QflL P- 736; FtarrtiuE^r, E.ecaL. 20O6b. ftooeedtogp of the hUKmaitiona! ConAencnee on Fusion Eneisv. 
Albuqueniuar NM. USA, Nowonber 14^ 2006| and also thjc ftom CEANT computer code |AflOStAieIIL S, 
et »U 2003^ Nucicor Infoum. Methcds Rvs. Res. A 50CL 250^303] piedlctlons (NJTa.i\Jo^ 200G. PRL 97 
(October), 149403; in which Ice shieldliig was also abseni. 

Ttoe sisulu of dils anrblve conOnn Ikir dse record itiai: the confistoD and czmtrowrsies caoscd ftosn 
past teports (Beicb. E. 2006. Nacure CMarcb) Oeo306i. newsdnaotfccom; Naraigav B« 2006L ?RL 97 



A&tecvftataai: cx. ciUbrniuzn; CL Qirir: a deuuedum; CSANt a Kenfe^Ozfp audoar panltte Interaetlan cade syaafa; & nramo; MCNP. MOK^CiHb (f^nfds 
eonputer code: f4e»2U. tra<lrRunco<scliaiIlstfttm liquid ImnNudesrSatirpitias Inc.; UwUQUld idndlUdon: PNapobanauboo scnsralnrinte pKOM recoil edge: PSA 
p.it«ji-^Kap^^ftyfy ff^ff.»H»T» |« pfci-a> ptM«Miii»m-h*ryflhMi: SCltgUL, tdi iHIIator hiU MDOMg BBm uracil Dltn»:7>.s'a«napteeofL 
• carrssponding ujitiot 
e<nea aOints; ruil(»?uTducet}o (IU>. l^oTaAtuo). 

0Q89-549J/S - s«t frent mstiar O 200S Cbivict &v. All ri|ha rasented. 
dd: KLlOIGipM0a«d«*,30OSJMil07 
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(October) 149403) fim rasultvd from xheit n«sl«^ of Inpoftuit dauil« of bubble fusion ocpe-ri/nsais. 
ResuJaftain tt)Cs paper deiwnscratE chat loe*pack<lUeIdC£gberwpeea thrtereoorancli^clluIonnEutran 
sotifce.gdnuna photon ]«aJugeAni3 nemron pulse-pUeop dueca plcosecontl duracjon neutron pu3s< emit- 
sion effects ptay impofvant col » fa affecting the ipectr* of i;9Mtyanf from acousCfc ioertial confine nvmt 
thennonuclear fusion cKperfmeBti. 

O ZOOS Bsevler B.V. Ml risHti reservetl. 



1. Introduction 

In 2006. evidence was presented fbra unique, oew stand-a rone 
acoustic incixial connnemcnt iuelori device diar was successfully 
tested md remits published (T^lsyaridun et al« 200ea). Tlioje 
cxperimenis were conducted with tour different liquid types »n 
which bubbles were nucleated without the use of exicnsal neutron 
sources. Four Independent detfctor systems were used [a oeutron 
track plastic detcctnr to provJiJe un^mbiksuous Visible records for 
&st oeut rans* a Li I themu] neutroo deteccor. a NE-212-;vpe Ji<t- 
u(d scintJJtdtiOQ <L^ detector, and a Nal ganuna (j) rary detector], 
AH detector systeirid xneaniped statu tic&lly sifnificant (ftom 6 to 
2IK standard deviations) nuctear emls^os for experiments whh 
deuterated benzene and acetone mixtures but not forexperiniecics 
with heavy water» a finding which validated theoretical predic- 
tions CI^i«:matulinctaL. 2005)of oursimulacions of the Implosion 
dynamics which indicated that hearvy water would not be a sood 
choice for artaCnlag thermonuclear (Usion In imploding bubbles. 
The measured neutron enersies fjottv bubble Alston experiments 
were, as expected, subtcandal^y j2.45MeV. Contiol experiments 
did not result In statUtically significant neutron or y ra,y emi»* 
sions. These observations of neutron emissions in seLT-nucleated 
experiments with deuterated be nzerte -acetone mixtures buc not 
for the controls {i.e^ non-deuterated mixtures) have been success- 
Ailly confirmed (FDrrtnger etal..2O0G»,b: Bugg.a008). Tn the Studies 
of Foirinser ec aL and Eugg, che experimental configurations they 
used were dlflfercnt from that used by Taleyarkhan ec a). (20a6a.b). 
The two expcrimenul oonftguratlon* afe shown in F|g. la and b 
. As noted therein, a principle dijiUngubhifis factor between the 
two conSginratJons Is the presence or absence of ~3 cm of Ice-pack 
materials art! ns as thermal shLc^lngaround dictcfltcell eoclosure. 
Whereas, la the repotted expeii mental j^ystems oTTaleyajkhan et 
al. (20O2. 2004, 20O€B«b> the lce*pad( shieldlog was required and 
ptesent, the same was not tnie la the experiments canducced by 
For ringer et at (20a6a«b) and Bugs (2006). 

The cesuhs of Xaleyarlcban et al. (20O6a] using the LS detect 
tor system ofT^ned the highest level of statistical fiCgnlflcance or 
above 17 icaodard deviations (SLD.X Because of the pxeaence 
intenfenliig ioe-padic shield iDj^ the published neuxion spectrum 
CTalcyarkhan art a I- 3006a} bioorporated characteristics that were 
difTeitnt fn>#n the shapeofche ncuiron speetnjm tor a monoener- 
9edc2.4S M eV DeutTDo emanatidg from the best odtwtthout having 
bo interact with Ice-padr shieldirtg. A qualitative discussion was 
provided (TaJe^rtban n al.. 2C306b} In respoJise to questions and 
comments raised from code calculations for the pxesumed geomet« 
ric coaficurotloo by Naranjo <2a06) of the Umvcialty orCatifof nia 
at Los Angeles iUdAl. Unfortunately, the IICX.A predlcHons weie 
irade for an Incorrectly presumed experimental configuration (e.g, 
irnthaoice^packa)and wisuld actually be more applicable (br com- 
paxisons-withche published measured neutron spectra ofFdrringer 
et aL C3aD&aJ>} and Taleyarlcbao et al. (2002. 2004) rather than 
thoae ofTaleyaridianet aL (2IX)6aK Nevertheless, these faui^ si mu- 
ladons seeded and caused coosidexahle cooonoMTsy and confttston 
(Reich. 2006: Naranjo. 2006X 

In 2002 and 20O4* evidence was first presented for the neu- 
tron spectrum measured during cxcemal aeutrorvt>ased ausustic 
cavllatjoo experlmeiits CTkleyaiirhan etal. 2002. 20O4X In these 



eKperfments luideatlon of buhb><» in puie deuterated acettne 
(CsDeO) was achieved using a 14^1 MeV pulse ocutroo generator 
(PNC).TbetcstgBometry forthls study Is shown Infig, Id, Although 
Che cmclosure La similar to that for Rg. la, the LS deuccor was 
positioned to be within ttK enclosure as sbowit with no Interven- 
ing Kc-padc materials. The results of the 2O04 studies reported 
by Taleyarkhan et aL (2004] were successfully confirmed Sn stud- 
ies reported by Xu et al. (2005) In which chcy used a diO^eneAt 
experimental endoiure type as shown in Fis. Ic, and the bubble 
micleatiDR W3s conducted usinfl fBndotnty emitted oeutrons fro m 
an isotope source. However, as for the self-nucJeatianbubfalcrusioD 
neporu of TaLeyarichan et aL (20C6aJ>L Ix&the Xu ec aL (2t)05} stud* 
les, ttielr LS detectior was also posicianed outside the freezer, and 
as such, a — J-4 on of Ice layer -was also p t«sent between the test 
cell and the L5 detector. 

The purpoise oft hi* paper j s to pneserit a comprebcru Ve unifying 
studly for ail the reported sticces sfut bubble fusion studies with ttie 
goal CD remedy the uafortunatecuntjoversics and confusion res ult- 
ii^ Anom the misguided simulations Sor incorrect experimental 
configurations as reported In the Hteffatuce (Relets 2O0S: iwanjo. 
30O6X ^ well as due to the omtsiion of Important effects such 
as puise-piLevp and ga mma photon leakage Fbr completeness, we 
have conducted simulartloflS of successful published studies not 
only for the self-nudeation eHperimecus. but also, for the excenul 
neutron -based experiments. 

Queicions have also been laised (Reid^ Z006) conceniir\g the 
deCecrlon of neutmn oounCs In channels higher than the 2.45 MeV 
proton recoil edge fPRC). Tha present paper indudct reaulcs of 
analyses, badced up with cxpefimental evidence, fbr clarifying 
the pnncipte mechanisRu concerning; siidi ocounence fbr buttle 
flislon experiments. 

2. TVvo Independent inQilclli9<4fmiiUtiao appniacfaes 

In order to evaluate the relative ^liectsonthee)qpected2.4S MeV 
spectrum with and without ice-pack shielding we conducted 
auessments wit h two Independent m ethods to 0 bcalo cross-checks 
and better coofi dence for the vatidlcy of our predlcttoiis. The Rest 
approach was to c:stabltsh a simulation platform slisilar to that 
used by UCIA in which results of d^reo-d imensSona I oeutron trans- 
port from within the test cdlv/e re derived using theUSOOE^ code 
system lUlOVPS (MCNP. 200») at the l»C3tioo Of the IS detectoc 
This dov^ scatiaesed neutron flux profile wtas nru combined with 
the USD OE*s ScfruOlttor FlrZ/ (5 aNFUl> response Monte-Carlo base d 
code system (Dickens. 198 8X SQNUnjLvtfas developed specifically 
br predlctlAS the response fiincdan of neutroi* ItiteractioDS with 
N£-213 detectors. The secorid approach w« developed vrac to aa 
as a cross-dieclc to the MOfPS-SaNFUI predidloos. It involves 
dlxcct^ conbininjg the neutron onisslo n spectra emanating horn 
the experimenta] system (as derived from ldCKP5 simulations) 
with the publl^ied (I.e„ directly measured) neutron energy-related 
pulse-heighC spectra for an actual Scm k 5 cm sised M£-213 detec- 
tor (vlju of the same else ajul type as used by Tai^arkhan ec 
aL. 2002, 2004. ZOOSaJb: >u et aL 200S: also l>y Forringer et 
aL. 2006aM Predtctions fioan both appioadies could then be 
compared with the vaiteus publlsfacd bubble fusion experlmenui 
daca. 
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7. 1. CoHbmcton^enthTnviTktns vf IS (Utrctorwith prEdktion 
metftpdctogy 

The SCI^fRJ tcode requires the user Co provide to ji theiftcoming 
neutron coerigyspecmrm (eg., from 9 known source of neiuraos of 
various energies). A known source could bt from a Nattojial Instt- 
tute ofStandards and l^solosy CNlST><eitUlecl Isotope source or 
from an accelentor-based system. Afternataly. it cotild be the pre- 
diction from a wen-characterized nuclear particie transport code 
sach ax R/TCNPS, SCNFUL utilizes Monte-Carlo techniques and has 
itself been e9ctensjve}y benchmarked by ttie deveXopers affalnst 
a variety of eKprriment«i databases for Its ability Co predict the 
overall cesponie of a LS detector system to incoming neu- 

croas over the energy a5-80MeV. A known shoitCDmin^ 
U usodaced with the PRE where detector resolution issues can 
lead tt> smeaijng-reCaced extension of oounts to Mgber channels 



U> an actual detecior system but this is not possible lo model 
theorectcaOy since It involves tocricacies of individual deicciar 
confftructioa a«7d xnultidizneiuiona] issues. In Ordei to gB\n mtk" 
fidence in the prediction metliailalQgy employed for tbJf study 
Jt was decided to ourselves calibrate the SCIIsfFUL code predic- 
tions forourUboratDrys Scm x 5 cm NE-2t3 IS detectoa using the 
electronfc component uain and settings tor the publishei but>- 
ble fusion experimental speaca* The cooiparlsons were made for 
three difTenent neutron sources. The ftrst ivwo were M!ST-eertified 
Isotope-based neutron-gamma sources: (1) i C« Pu-Be source 
emitting --2 x lO^n/s: (2) mCl. Cf source emitting ^^IQS n/s. 
The second type of neutron source ptxxiuccd 14.1 MeV monoen- 
ergetJc Mutrons frDm an accelerator devvoe CDounonly called a 
PNC and is based on EV-T Intemecloos. Tbeemissioarate was about 
5 K 10^ n/s. The NE-Zia LS detector was placed -'3€<m from each 
of these sources and the spectra w«r« obtained with and without 
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pulsr-fihapedisciimlnatlofi (PSD). PSD permits neJeccIoiiGfKBmm» 
phfl ton-based detector counCi ftotn thaw cEiuscd from neutron 
tnceracdons. iM the PSD seiUngi used for the publbhed studies 
(l^yarkhan »t al.. 2002. 3004. 30aea.b: Xu ef 2GQ5: F^nlnger 
et aU 2a0&a.t>) It I5 estimated chat rougUy 95X «r gamma pho- 
lons arc njccted. Ft|^ 24 showa the letdtlve Apectnl evnLBsions for 
caefa <»f chese three cniissioA types. ResuUs of the measuiements 
for each of Chesc thrre sources with and wichout PSD are sltown In 
FIft 2b. As noCed frora Fig, 2b. the maaoenersedc 14.1 MeV neutron 
spectrum displays a ^harpreductjon In counts at the 14.1 MeV PRE 
rrgioD (channel -175) but counts still pmist dud leak Into higher 
channeb due co £mpcrl<ct detector pesolutSon. Since a 1 4Lt MoV D-T 
eccdentor dpcs not generate gamma pbataiis. the vast m^arityoT 
couabs are neutron driven. Ftara PU-Be 50ufce.as noCed f)t09Q Rg* 2si, 



the neutron ene rgies ana not mosoenergedc but spread auc over 4 
iMT^t ^3cV — lOMeV; the ivcrage energy is in Cbc4 MeV 
range with a taj} CD%vanls 1 1 1Vf eV at. w hkrh the In tensity d rops dose 
tp aero, bnportafltly. a Pu-Be source a! so einlrs a Strang 4.4 MeV 
^rarna photon CXrulU, 1999), mt^blyattfae same m^^stor ncu- 
DDoeinliiton:hawever» unlike the oeutrons which are spread out 
In energy, the gamma pboton ts moaoefiec^ctic due oawttlch.per 
expectattans, we note in Hg. 2b«aotlce2bJe jumpiotiis combined 
oeutTDn-ganicna (Leu wUhMit PSC?) spectrum around channel 
As Is diso seeo from Pig. 2a, Car the ^'^Crisotcpe-based source, rbc 
neutrens are eoiiteed from spone me oui fission with a peak tncen- 
SlCy at MeV, wUll an aver a^e speccmm cnefgy of -^1.98 MeV, 
and with a long tail extendi ns thnsu^h -^l 2 MeV when the Inten- 
sity drops Close A letD. ^Cf also emits about thiee times maie 
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Hi,3L (aj SkKCcral of nsotren ecniuion inCeiuJty vy. rpeisy Ibr vaiinui scvrces uwd for cxilbratkia «<ndle9.(b}Sfexn2ced jnilie-hetKfat DMCriMb-^miiu tpectf j 

5 <in « S cm N£-m LS Oclector wnb [^ymbcls^iml wiOBOUt (lin a) |niLEP-alupB>cllfici1iniBatiBQ(PSD: wf ftilwope C^^Cf. Pto-ac) and WMcVmoooAcs^nte neucron trom mc 
(c) SCtNFUL Cade pradictl ans. nwesimd neutron apeclra vriChS era v 5cm rfE-213 tSdettcm<wllh ROJ. (d] SOMIUL md CEAtfT CDd« prcdlctiaiis w neasUM neuvon 
t^arumfrett APu-^tkeBtren sbujw tatn^ «Scm »* on. KE^2t> L5 r>r««r. Mine: Untler prrcU ctiQCi> At lQV>«rr tlianncU mean pranoancEd bar CEANT olcul nlocu^ 
rrjta Bc which (usato bcco rcporte<l by FAionU et aL (2009). 



Samma photons (Xnalls, 1995) for each neutron emission and vtt 
sec tiiis In tbe meuuned spectrum of Fls. 2b. 

T7\e 14.1 McVneuimn encf^and published neutron spectra for 
che^-^Cf I nd Pu-Be sources w«r« entered 49 Irtpui for SGNRTL code 
prsdictioru ijf r«&pon£ee tor a 5 on >t Scm NE-213 detector. This is 
similar to wtui one would lindertakc to do If one were to rely on 
simulations (e^, from MCNPS predieijoDsof dawn^catKcred neu- 
tr»n spectral Rfsutcs orsONFUL cade i^rvdictians fbc each efthe 
three ocucnn scurce? are shown In Hg. 2c aJon^side the measuped 
LSdctectnrspKtn with PSD. As not^d therein, the SCINFUL code 
p/ediccions capture Uie overaO neutron spectral shapes for all three 
sources with eMceHent correlation over the cnilie eneiKy cangie of 
-^OlSMcV Bf die knver-levelcucoft to^l4MeV, ior Che monocner- 
8Ctic14.1 MeVneution spectrum. The cocfCicieit fordcCannlnaTlon 
<s»«alted -1 > SS«,/SS«ot; where SS^ is Oie resn^sfon sum of 
squares, aad SSgji is the total svm of squares pioportlonal to the 
sample variance) ranged from'^l It to -^83^ Around the PRE clian- 
nel ( -^1 75}SCBtifUl predicts a sharp (almost vertical) rise In covAis 
indicating the respomse to i head-on col BsSon of Che 14.1 McV neu- 
tron with p noGons In the L5 deCBCtor lii^uUL The meajuicd spectmm 
also shows a stgnMcint rise bi counts but the shape of this mea- 
sured Bpectnifn is somewhat smeared as escpected for practical 



detectors (I.e., slanted at^S' wlthcouotslealdnglhraugbco ctlan- 
l^el2503.Such an. enect Is well-lcnc(vv7i(Dickcxis.1dS8: Knolls. 1999 ; 
Lee and Lee. 1998). This calibratiDn-cum-benchmarlsing provides 
Sood confidence in the abiUly U> predict the spectral response oX 
a S cm M 5 cm KH>2,13 LS detector using a combiruiioo of an arbi- 
trary Input spectrum of neirr ronenergiestDgechcrwfth the saNPUL 
code. 

AC (he lower end of the abscissa corresponding to tev^aogie 
scactering of neutrons with protons and cavbon atoms, a dixcrcp. 
ancy between prediction snd measurenients may be expected as 
shown in 3d for oomparisons against the measured Pu-Be ncu* 
non source spectrum oFFss- 3a. Also presented In Fig. 2d is the 
published pred i dlon for a Pu-S e source using anocbe i Monte-Cario 
based code. viz.. CEANT (AgostlneJtl et aL. 2003; htaranjo, 20OS}. 
SONBJLandCEAJ^both tend tonmew^tundcrprediettheniea- 
sured spectrum with the imder predktioii beir^ greater for die 
CEANT code simuIatlOD as has also been reported elsewhere in the 
Uieratuxe for CEANt (Patrenis ei aU 20Df7). Hovrevcf. oocrpt for 
Sonne urular pn diction at lower channels. Tor most of the encis^ 
scale thmcixh the PRC channels and bomnd. bctth SCINFUL and 
CCANT appear to bevwli-siiited fbr predicting the measured neu- 
tron response spectrum Ibr Che rrJE-213 LS dctectiK, 
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It It also weir-known and documented for Che 5C1NFUL code 
(DicUcns. ISaa) that detjectof resolvtioD wiU vaiy from detector to 
decker depending on numero-us factors such as tight collection 
cnid«Dcy at llquid-pnotomuitlplier Inr^rfAce. ^ge of the dcxcc* 
tor. etc hCoi^els of detector response for nrutron-induced proton 
recofU theneibfe. usually modeS the detector as being one of per- 
fect nesolution-wnich itien leads coa shaip incre^ at the PREand 
no counts beyond the PRE (whereas; in acruality* sloping shouTder 
will be present £nd counts wMi occur in cbannels far beyond the 
PRE chanru! number). The capturing of such an effect is at times 
a tteznpted by Monte-Cark> cDdet t3y aitiflclaJly includ Eng a so-caUed 
resolution f^jnctian (see for example. DIckeiu. iSSfl) for a given 
practteal detector to force-^it the code predictions as the PRE loca- 
clo n to cht actual data profile ajalnst wliKch {t is to be eompwed in 
the 6 net Instance. Nevertheless, even without en^aE^ rig in such arte- 
facts, as also deitionstraied with otir own calihratloa in this section, 
the coinblned MOVPS-SONFUL code- sy^nr> offers an excellent 
cool for predJctlnsdnd jcudyingthe essentUl charsicverlstlcs of the 
expected pulse-hd^i spectrum for our experiments for thelrulk 
of the putsc-helghtspeccrum (1a, for channeis below the PREj. 

X ModeJlog appffiMctaes for comparing predictions wlih 
measured spectra from acoustic Inertia! confinement 
(bnbUe} ffnalon experiments 

The caii braced SdNIOiL code approach which was just discussed 
was next vsed to predict the LS detector neutron pulse-helght 
spcctnim for comparison against the published spectra. Kow- 
ever, instead of ujing the wcJI-estabUih^ed (i.e^ known) oeutron 
encrg/ and spectrum of neutrons ffom an isotopic or FMC source, 
the ncutran energy spectnia> has oow lo be calculacedL A D-D 
chermoauctetrhisloo event produccsa 2.45 Mevneturon. In a typ- 
ical bubble fusion eacperlnieat, tbis lASMsW neiitrM Js produced 
within a deutemed liquid contained in a test ceilofappraodinately 
Sen in radius. Before reaching the LS detector this fusion aeurion 
uvouid necessarily become down scattered in eoersy as it in:cr- 
acts with intervening acran^ of the test liquid, the container wall 
and shielding ffiaterialj. Zt is this d«wnscaitered nMOon energy 
spectnsm which beconnes the souirc input tor SCINFUL predictions 
of ihe LS detector pulse-height respoj; se, whl^ theneaftu: can be 
directly oomparaJ against published oiperimcfitaldataconatchpw 
welt (he published spectra oomparevvit h the prrdicted values. Good 
agrcemeot provides validation fbr the neution soutceas being thmt 
ttotn a D-D hisioti event, in much tike same manner at the sood 
agreements of Fig. 2c validated the sourcecf neutrans as beins from 
^^'cr. Pu-Bc and PNG neutien sources* respectively. 

J.7. iVroW-^/N/WnspsnsesfmuAidon 

Therefore, as a first seep, the transport characteristics of a 
2^45 MeV neutron through ^3 cm of test ceil liquid, followed by 
the enclosure wall, were computed using the well-ltnovrn MCNP5 
nuclear transport code {MCNP. 2003) developed by the Los Alamos 
National Laboratory (LANLX A three-dimensional (3D> model jbr 
each of th e racp rriTTicnta t geometries shown En Fig. 1 was developed. 
The prediotioa of the enunated spectrum was used as input for 
SCITiFULpredlcdoeis as done before ao Scc^n 2. This cadtulattenai 
modet isreftrrcd to is MOIPS-SONRIL 

U MCUPS-KEfZIS mspomestmulax$on~anQlcma^ 
fndepr udenr appnoodl (MOiPS neutrDR speorum combined 
pfere-Mffev wUii nieasurcdi4!F-27J deAertor rBpcMisc/orMo/fOKr 
Jtezi noii enerjfes) 

A second modeling appioadi(refiered to herein as *MCNPS-N£-> 
SIS'} was developed to independently compare with the 
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pre^ficdons of the MCNP5-5CINFUL code prcd ictioru d Iscussed ean^ 
I^.Thlswas considered useful fbr two teasons.Fintrtocross-chedc 
and evacuate that SQNFUL code predlctiorrs against experimencal 
data were in line with expect atioos for the spectnam stiape below 
the 2.4S M^VPflE The second reason was bo help assess how ttjany 
and bow Car above the 2 AS MeVFRE ois« sbouid expect counts due 
to imperfect detector resalutioiu a well-known eiifieo(e.g., Didcens. 
1988; and Lee. 199d) and also h^hllghted In esUbUsbed text- 
boo^ OD the subject CtCnoIb. 1999). Fortunate^, loa rdevaru study 
<Lee and Lee. 199S} the authors usedaScmxScm NE'3l3 detec- 
tor identical in size to the one used in tb eTaley? rfchan ct al. (2 0O2. 
2DO4,2a06a,taXFbmngerec ai. (20O6a,bX »d Xi» et al {20D5}stud- 
ics. The Lee and Lee study has pubfished individual pulie-height 
spectra at six neutron energies rangins fnomaSMcV to 23MeV. 
Their results of the measured spectra aite rep lotted In 3, where 
the legend for each neiOron er»sgy inchades the F9,E channel num- 
ber fbr each of the sixneutron enet^iesL As abo ixued Crom s tazvdard 
textbooks ;Koo1Is. 1999) we readily note that significant counts 
can beexpected In channel numbers far above the ?ft£ channel lor 
Qfpe LS daxectori; The availability of the six profiles at var- 
ious neutron energies permits one to cnmbine MCNP5 predictions 
for mooming neutrons et various energies with these six profiles, 
theffcby act [jig as a cross-chedc for the /^OJ^PS^ONfUL modcUThat 
IS. instead of relying solety en SCINFUU we can now also re^on the 
published experimental response curves at discrete neutron ener- 
gies of Fig. 3 for an actual detector of the type and size used In 
the bubble fusion experiments of Taleyarldian et aL (3002. 2004b 
30Q6a.bXXuecaL (2005). and T^orrlngcr et al. C2006a.b)LThis model 
iahecein. jefcmdioas theMCh'F5-NE-213 modeL 

However, since piedlcrkans for down scattered rMtitnons 

are owr a conllruious energy range, the MCNP5-H6-213 model 
ne<tuiies binning. For this reason, die MCNPS neutron spectnitn 
varUiion with energy is broloen down into six energy groups con* 
sistem: with the sbc oeaition en ergi es o fPig. 3 to provide th e nela live 
proportion of neutrons in each bin. Thereafter, the digitized value i 
of pulse-heigbt apeccita of Fi^ 3 at each of she energy levels are 
muldpliad by the relative fractional nceODQ counts (from MONTS 
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somiUrioru) incarrespondh^ ener^ bins and the iBdividLial spec- 
tra arc combined u> obtain aa ovwaJl com^xa^lte spectrum. 

4. Ooiiq^flmorMCrO>9-^CINIXaaadMCNP5--N£.213 
pndictions%vithseir*-aucleatJM aad aatmsdiy nnclBatftd 
butibl« fkaloa expcriinrnta] d^u 

Compartson uf predlctfons Is Shown jseparately for the se\t- 
nvcteatioa oepcriments and then for the extemal neutron-based 
bttbblefbiion experiments. The more nee entself-nudeatioii exper- 
iments are addmned first 

4.1. Coff^arlsoni^tiiself-nucieateabutbtefiislonexpehmtntal 
data 

In sdr-nucteated bubble fusion experiments of Tareyarkhan et 
ai {2aaSa,b> and Rorrlager et aL (2Q06aJ>> and Bugg C2Q06). the 
nackation of bubbjee was achieved using dissolved turanyl nitralz 
(a nadioacthra mmpound). Tbe test cell and deuterated mixture- 
cum-<jranyl nitiate {UN) contents were modeled uslc« MCNPS to 
represent the plifysiaj systems described in published documents 
(laleyarlcbaii et ol, 2006a; Forrlngerec aL.200&a.b). 2.45 MeV neu- 
trons ynn sourced into the middle ofthe testcetl fhiid and the 
tnniport characterUiics through the use Jiqtdd, glass walls, and 
experhnent enclosure waa assessed using the Monte-Cailo method. 
The actual experimentat geojneUy also Inchided a layer (-Son 
met} of paraUlA Mocto on thr^« sides, and for one shSe of (be 
enclosure for the c^Lpcrimental configurations of Taleyaikhan et aL 
(200Sa)and of Porringer et aL (2006^^X respectively. The paraffin 
hlocts sefved as biological shielding material for ejq>crimenter5, 
Hg. 4 dispLays representative nesulcs tbr ihe dowo-scatieTed neu- 
cnsnenergy specrnmi in terms of firactton ofthe total at the NE-2I3 
tS deccctor faat with and wiCbout Che preseaoe oftlie 3cm thick 
Ice-pa dt material. h is leadUy seen that the orizinal 2-45MeV neu- 
tron experiences significant down frcarterln^ resulDng in a range 
Of neutron energies down ta thertnal eaeiKy levels. The extent of 
down satterins Is enhanced significantly wich the addirioc«of 3 on 
of water (lee-paat) shieldlns. The displayed lesults have included 
all nruCTtms from 0 MeV to 0.a MeV in a single energy bin. which 
accoontx for the slgrfeU^cantVLarsc counts for the first energy bin. 

nettiuliins netitroa cocrgy spectnun waa then used in con- 
juucdon with the SCINPUL code f<dr modeling the response of 
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NB-213 LS detectors to obialn the emanating Ughc puise-hei^ht 
lesponae mctruin. In so doing, the MCNPS predicted values for 
cmJtOOd Aention ecnis^on spcct ra of Che type ahonra t n Fig. 4 were 
uclUzed as inpuu Tor the SOMFUL code bo then derive the neution 
^ctnl sh apes (Fig. 5) with and without ice-pack shielding. Gearly 
Che spectrum wtch Ice-pock thermal sh fielding is ncniceabV differ- 
ent f^om the spectrum without ice-pack shieldingand iinder3Cores 
the ImporUnce ofaccurabely i nctudiag Intecvenlng shielding male- 
rtals. With the ice-pack matjer1a3i induded one notices a largely 
hvpeitoHt-mce profile Creminisoeat of the spectrum from a Cr-252 
Isotopic nentnan source): without Ice-pack aiileldlng. the spectium 
shape exhi bits an antfdpated hump starting from the PftC dmxnel 
region. 

Whereas, tJie spectruin with i«e-pac)c$ appeal? qualicaciveiy 
similar to that measured by l^leyarkhan et aL <as published in 
Fjg. 4 of Taleyatfchan et aU 200€a«b). the calculated light output 
pube-he«hc spectrum without Ice-padc shielding approxSmates 
the general ^aracteristics of the spectrum measured by E^rringer 
et aL (200fia.&X dad ivy Taleyarkhan eC aL (2004) aiKf also to the 
spectnim calculated at UCLA ((Varanics^ 200S; where the Ice^pock 
thermal shield material was not included in the compucaiional 
model. A more comprehenslvie comparison ofdaca and pnedictf ons 
provided beJow. 

Nexc tbeMCNP5-NE*213 model was used in which tb< MCNPS 
rcf ultf eng. 4} were binned and camblned with the N£.2tS 15 
detector response curves to arrive at the net response spectra of 
an 1.5 detector for Z>>D hnSon events within the test celL As done 
Ifer the MCNP5-SCINFUL mode], results were obuined for the two 
CMS with and without ice-pack xhicldLng. 

Resulcv from the tw approaches can now be oompaied ^inn 
the Taleyatlihan et al. [ZOOCaJb) measured neuiron spcctnuD an! 
the various results are shown in Hg. 6 fat the esperimcntal ose 
(Le., with ice-pac& shielding}. The corresponding icsuhs wfchout 
ice-pack shielding are compajed with the experimeatal raeasure- 
monts of Fojringer etaL C2006a,b} as shown in Rg. Jrlhe leponed 
UCLA predictions using C6AKT (Nacanjo. 2fX3fi) whbdi were con- 
ducted without Inclusion of bitcivening ice-pack thieUfaig aie 
abo induded (n 7. We can now make the following observa- 
tions: 

(i) Rel Pig. 6: Wheo ic»>pack shielding is takei into account, ihe 
MQMf^^aMJ^as wellasthe -NE-213prediaions ter 
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Rf. & PtedtctSon bT MCNPS-^NFUL and MC^1»-NB-11J (UeilM} imttodi mi 
mcasimtf neumn luponM spectAan of TUonmiLin « ftl.(2006U>}r with kft->idc 



Che meaaurcd iieutzon spectrum are cpniistienc with and com- 
pare veiy well wttb the meafiured and reported bubble Aiston 
fifutinn *pecmim CTalevarfchan et at. 2006a AX For this com- 
parbon. thcTaleyarlcban et aL measured results at Oiannel 50 
weit stAled to equal the predicted vilue of connts ftx>m the 
MCNPS based predictions (at the sa/n^ channel), after rrhJcli 
the same acale factor vv^ used for all other C2i« nneU 
Cii) Ret 6: Both MCNPS-SONFUL and MCNPS-NB-213 picdic- 
ilons are coosisteni with eacfi otiicr faelow th« 3^MeV PRE. 
Above the 2.45 MeV PRE. the JdCNPS-SCINFUL model pt«dicC5 
no cxjunts as vrould be cscp^ted. Kowcv<er» the MCNP5-NE- 
213 model's detector da ta-welgfi ted predictions extend -50 
neutcon dianneb abov« Che 2^5 McV PRR Tbis is a further 
coafimiatioi) that real-rife detectnrst. with Imperfect resolution 
character is tks. should be expected to allow neuuoa counts to 
be ojllcciied abowa the PGim chajonel. It also provides ao iinpof<- 
rant and indepepdent conpberMloik Ibr, and a vaUd reason Cor 
the mesa gduciU measuied (above the PRE) in the Aeuttvin 
spectrum during babble luslon experiments (TaleyarUiaa et 
aU 2006aD]. 

(ill I AeL 7: The MCNP5-N&.313 approach whkh U based on 
actual measuiemems offers resutis which are consistent with 
the MCNCS^SaiSIFUL and the public-source CEANT code pctt- 
dictions oFUCLA. All three approaches air reasonably close to 
each other aad oonilstent la texms of overall shape and^iuan- 
llty of eouttU to be expected below the 2.45 MeV I>RE. 




90O 



Ha. 7. FVnfictims ofMCNPS-SCtVFUL aad MO^PS-^Hl-au <t«»/Ue) «s. 
mwir ed ncucrvn laptuisc spcoru&i et F&rrtoxM et al f aoooi^} lot no le^acft 
sbkldlnVUid scaled CEANT CDflrpndialans ftore Nanx^p PO0&> 



Cjv) Ret Fig. 7: Tlie pobllshed bubble fusion neatron spectrum of 
Forrloaer et al (200Ca,b) which wereottcained without iater- 
veningioe-P^ck shielding IscoruUtentw/th and compares weU 
w[ch alJ three predictloii schemes. The bubble fusion spectrum 
of Tdlcyarkhan et aL {2aD6U>)« and Porringer et aJ. C2006a.b} 
measuiements both show counts above the 2.45 MeV PRE and 
this is also coniinned and predicted by usins the MO^PS-NE- 
213 method. 

42. Ciim^arisQn wCtfr txtemal n eutrun nuclecied b itbh le fusion 
e?eperfmems tuins dcutanud acetone 

We nesct turn attention to the earlier bubble fusion experiments 
of Xu et aL (2a05) and lU^arfchan et aL (3002. 2GM). Both of 
these experftTietiCal studies were conducted using pure deuterated 
acetone as the test liqulcL A key dlffeT^ence vus that tbe Xu et 
al. Gcperintencs were seeded wJtb randomly emftted ncutjoiu of 
various eneixies fro man isotop Ic neutron source^ where a s, the TaJe- 
yar}(hao<cat.sxud[e5Weie conducted using 14 MeV mooocncr^etJc 
neutrons from an accelerator. Another ma/or difference iavolvBd 
the presence of *-3~4 cm of ice buildup at iheftMzerwaUs beCMcen 
the test ccD (he L5 detector for the Xu et aL (2005}studia, ai 
shown schemadcally in Fig, ic; whereas, there was aosuCh later- 
wrning ice for the Eeoxnetry (Hft. Id) for the Taleyarkhan era], (2002. 
20a4)scudiesL 

<^J, Camparispn agatat th^ external neutmn niJxJRacea butble 
fusion expanmenis oJXugcal, (200S} 

MGHF5 modcJtag aiut analysis wa» conducted Cor the genenJ 
geometry' of the Xu et aL (2O05) studies. Results of the downscat- 
tered 2.4S MeV neutixms for various amount* of (ce-buildv^ arc 
shown in Fig. 8a. Fig. Sb pre$enU the vanatioo of frsctior»l down 
scattering of 2.AS MeV neutro n$ otnlcted from the test cell with i ce 
thickness, and one notices the C3fpected exponential-like trend. In 
F]& 8a and b we note thit due to the exponential downscatcer* 
ins behani^Dr of neutzon transport errors Id the actual ioe buildup 
■arouful the nominai 3cxn (—1 InO value can be expected to remain 
amadl. As5uch.MCNP5-SCINFUL and MCNPS-NE-2ta model simu- 
lations for die LS Decector response were conducted assuming the 
ioe-buildup thlctoecs of 3 cm. 

i&eiults cf oeutron pulse-height spectra are shown alongside the 
measured (published) data ofXu ec al. (2005: id Hg. S. (t Is dearly 
seen that, over the vast mAjortty af ttie puLse^heighCspectnun the 
comparisons of the MCNPS-SCINFUL as ^1 as MCNP5-NE-213 
models ans io very good agneemcnt with Che data. 

4JJi, C^mpahsonogaAnst^tmnolnrutwn nutieatnibuhtb 
Jkitim earperftnents o/73zr(iyariUui/terfllf200^ 2QOA) 

A scoping attempt was a)so made to compare prcdlctlom of 
the modeling approach agaitUC the data obtained with 1-4.1 MeV 
cxternaJly nucleated bubble fusion experiments of XaleyarJchaa et 
aL {2002» 2Q04). Ftor the geometry of thte expedment slwwn in 
Fig. Id. there was no intexvenins ice-packing raater ial between the 
test cell and che IS detectoi. Due Co this aspect one uvould expect 
ashacp bump of aouncs around Che 2.45 MeV PUscbaoneL A eoirv 
pUxity arises due to the use of 14.1 MeV nc utions from the PNC for 
nucleating bubbles. The 14.1 We V neutron results tn a slgniflcaotly 
high backgTtMjnd due In which, esoress counts due Co 2.43 MeV 
neucrons emanating Aom the test oell, and whidi axe above the 
2^5 MeV PRE diannel cannot he statistical^ disciiinliiated fmm 
Che lazse 14.1 MeV refaited b^clpground counts. Meveitheless, to 
decipher fim-order cUbcCs; MO^PS was used to model thetesi ceU 
and detector alone surrounded 1^ the Ir^^iarlf waits as sbovun in 
Fig. Id. Chie CO c/ils aspect, somedlscrepancies m.ayb* ocpectcd for 
Che profile of the dovrnscattered neutron energies veschina the LS 
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3 3 4 

kaThkknttM (cm> 

& fa) MCMFS fttodbl pr«tf ctioni fiar varUtfon o f dpyrafc^qewfl ocutrea ez>«v- 
HtU fbr vjilouf thkknMMS of ice buildup «c Otexer fbr ectoMOy nuclHtBd 
«9Cp«r1mMiti of Xti ccoL (SOOS) wift deiKcutcd Jtctane. |b> VuiAdea of ftataoal 
dowTwatinfriB of X4SM^ luuiroiu wUiiBC-CAidrRess (bf X» «( U. acvfmcDtil 
|9amftf7<2005)i 

dcttcoardt (he lower ctianoeK Nevertheless, we were mainly Inwr- 
C5ted to note if the principal tnecMli frons the MCNPS-SCINFULand 
MCNP3-NE-2T3 nudel predictions are in general agreesnenc wich 
thfr published data of Taley«tkbai3 ec al. (2004Ji Ttg, 10 shows tbe 
MCKP5 results ordowfiucafrered neutrons &t The LS detector vol- 
ume far the geometry of Fig. Id. Rg. 11 shows the MCNPS-SCINRTL 
and MCNPS-NE-2t3 model predictrans versus the measurements. 
The cDmpaHsons Indeed conRnn ch^r che overall trend Is welU 
pn dieted. The ofBasured spectrum is consisient with that of a 
245 M«V neutron cndited fiom a IX-O fiiskm event froin within 
the testcelL [nstaik contrast Co th e oompaifsons ^Lni t dati taken 
with IntcTvening Sce-pack shietdlfiff (Fw- 9X when ioe-paclins is 
absent, we note a «harp bump in couaU around thv 3.45MeV PRE 
cliannel In both the MCKPS-SCINFUL model predictions as weD ^ 
tot the measured spectrum of Taleyarkhan et al. (20O4> 




20 



60 80 

Channel 
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ng. 9. iTMjlctlen* orMCNPS-saNHJL and (lfli;/lee) icBdeb v9l 

mfiuuEvd neuu«n respoofe xprctnnn (cwrtlatiQa oa-«zvltaeoji qlO of Xu st ^ 
(3005; Re Sc) wim k»>padi shlaldlasiiDc txtcnsal nestrconKiBitad lUion ap«r. 
jm«atft%MlthdcuterjMdAcstra<!. 



'*'*»**e'««" _ _ _ _ 




11.01 



aoot 

Energy (MeV^ 

FiS^lO. MCWPS Prtdkliooiof town-^aeanafwi AA&M«W'n»«.ifTaM far ■M. yMo*,. 
■taL(3004}«vlin HMeVPNCcaE«ema]lyin]^4tedfa«A»teCmlsn«iEpaj{fniiitL 

S. ExpcrlxnemsandaoalrvcstOAtfilresstfaesBumor 
■neasund counts Jibovettie 2j4SMcVBman recoil cd«r 
[PRE J tor bnbhl e fusfott 

f(i this section we piwlde observations and adiirtimal cxperi- 
mental datain reUdoniDaddre$5lii8theexecttrenccis''nieansdM 
additional oouoo abav« choso From csntrol ejcperiments) counts 
that are seen above the Z.45MeV PRE during ourb«ibMe fusioji 
experiments ustng an NE-213 ^rpe LS detector. Overall, bavr 
aoced that up to '-^% of total eiuxss ucviroa-sated counts are 
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Pirn VL MCMPS-SONfm and MCNP3-N£-»3 model (trediclkins ws. OtfVipcnf 
tfxptfioHnai flaTaerniffyarktuocijL(aa04: u:,dilhrTO»«rwMnt»frem e«v^ 
♦fctfon oa miouj c*irfcatleo ttf ftom FJ^. Bcjifflift MMeVPNCexnmairynuclmed 
butble (Uston otpeinDents. f/ore: Oiuali ib«vc (be2.45MeVniEclumirl Ml are 
diff.cul* m dlsilivuisii u ue m ch« lara» 14 ftC^Vocucxw bacJvou nd coioiis about 
"TtyhO count! per di^miH. 



obtained below the 2.45 M^V PRE. We bave already cavcrcd one 
rtzsonAs hetfigduetn iS debectorresalutCon. but other factors tn^ 
al5G play a rote. The sourceof addittoc^Jonunts abov«ttie Z45 MeV 
PRE for the LS deieoDf based resales are believed to bcduc to the 
foUowins phcnocttEfia. 

5.1 Firdct detector rm!uriiyn 

Due to Onite detcctcr resoluticn. the 2ASMeV PBE tums 
Froni being A sharp rise at the maximum procon recoi'1 ener^ of 
2.45ftaeVlo a smeaied shoulder (KhdIK 1999; Lee and Ijee. 19fl8; 
DicJccni. tS8d) as already shown in the previous plots^ Figs, 2-?! 
Wc estimate! the spread co be in the range of up co --SOX light c2ian - 
neJs aftsowe the designated TOE. For our pubUshed bubble fusion 
data d tiring self-aucleaied acotistfc cavitation, much of the excess 
counts abov^e the 2.45 MeV ?R£ will occurwithtn ~S0 channeUof 
the P££ chionef noniber. However, b^nd tjK first -^ffO channels 
aver the PRE, die Rnlle resoJutjon reature in itself canuit answer 
*vl^y exceu counts appear in higher chanDcls and as such, «cher 
poteniiA] contributors need to he evaluated. 

SJ. Imfferftet PSiyrelated y Uaks^e into tht ntutrcn wtniow 

I n ow 1 ;2006 PRL manuscript CTaleyarbhan et al, 2O06a>>X we 
ha ve po inted out Chat Use PSD systenn settings were ^3X enident 
In terms ofgatinE out gamma photam. This implies that about 7X 
of gamma phoconj produced during bubUr fusfoa will necessar^ 
Uy leak iniD the cteutroo window. For the geonoetry of the setup 
iflg. 1 or TaJeyarkhan et at, 2006a,bX the test ccU was enclosed 
within lce-pa<Jc filled enclosure jnd lo addition, there was signif- 
icant paralRn btolosieal ibl^ldlng blocks tn tbe vkinity. Neuooas 
pnxlaced from fwon would first da wiucatter. theo im«racr\vith O 
aisnu in the test liquid to produce '-I.OMeV to '^I.SMeVphoCons. 
but uUlmatejy. with the abundance of hydrogen atocnsarouad, neu- 
tron captuie can also result bi 2J!McV gamma photons. The light 
pulsc-hcighc from 2^ MeV gam nna photons encompasses the entije 
channel range of Oie multi-channEl analyaer (MCA). Therefore, 
gajntoa photons could be readOy csuiUcd aSiovc the Z45 MeV PRE. 
As an estirzmtc. vsJng a Nal detdcm we had reported CTalcyarkhan 
et aU 200€a) an excess gamma photon count rate of A 
typical experiment lasting about SOOs would collect ^^170 gamma 
photons, of which about 1QX <-«17) would be able to leak Into the 
netiiroo window, fmm a typical excess neutron count populariod 
of about tOOO this anxmnts to about XSX of the total pcmula- 
tipij. 



SJ. Neutwnjirui^mma counts fivmfixsfonvHthiirmhi^ 
tert «ff itquid 

For experioienis lovohrtng sclf-xiucleatlon using alpha-recoils 
from uranium flecay, the fission of uranium &ora D*D fusiOD neu- 
tnons mayalsothooretfcariy leadto counts ahovethe 2.45 MeV PRE 
Chanel The weJi-esta Wished mjcJeai Industiys MCNP5 nuclear 
panicle crwwport code fdevcloped and maintained at Los Altmos 
National Laboratory (LANL)J was ntillzed to assess the neutmn 
spectrum cmttced from the test ceK. As r»Ced in r« 4. a sigDifi- 
cant fractaon of the Z45hi9eV neutrons wUI be down icatlered u> 
kwer energies before escaping from surface. About 5-8* o/ CAe 
oetJttons ivBTo caJcidated to be scattered down in the energy mage 
of 0-1 eV. Considering the lelath/cly small number deultyoT^'^u 
ahoms and also^ aasy Tfor whfch the iast fission threshold 

Is beiow 2.4SMeV} a preliminary estimate reveals » r»thcr small 
(«1X> Traction of the total otresa neutron counts above the PRE that 
may cesult fiom fi^ion. This pheoonocnon is not expected to be a 
s(8ntf(cant contributor. 

K D-rybsioR reocreons. or "c-n Cn^cmctions 

The deuteraced test liquid includes a small quantity of trllSura. 
T C^) atoms and also a small fraction of the ca/bon, C atoms will 
he for which possibilities exist to produce nuclear fusion signa- 
tures. Howevei^ these conirlbuiiDns are i^e^ed as being negligibly 
small Only the D-T leactioii may produce 14 MeV neutrons and 
as sucti. only a rare, occasional count may appear in the higher 
channels. Tbe D-T reacttons may occur as a result ofT atoms being 
produced during D-D haslon as also from the tcace (orders of mag- 
lutwde lower Chan that for D atoms) eancencrations of J atoms in 
the procured deuteraccd liquid ItralC 

5l£ hfeutmnpileup 

A characteristic faatuie of acoustic inerdaj confiaement (bub- 
ble} fusion is cha tthe neutron emission is not oonOnuoui or rando m 
but Imploslon^based. ^nd therefore. wDl be time-stnictured. UntD 
recently, this aspect was not revealed as a possitnlity for ejocess 
neutron counts observed above the 2A5 MeV PRE. However, u poo 
reconsideration and based on canrfUl study of our recent theory 
paper published In the Jotima) Pf^yucs ofFlaidi (Ntgmatulin et 
al.. 2005) new insights have been deitved that appear to dictate 
that neutron pile up erfcccs in LS detectors of the type u;ed in the 
reported studies of Taleyartch an el *1. C2002, 20O4, 20O63,bXXu ei 
at (20OS) and Forringer et aL (2006a^] may indeed pUy a mie in 
bubble fusion experimeno. Tb further ascertain such aa effect, we 
have conducted a series ofexparlmenCs aadaiuilyBes tp^uantUy the 
neJalive contribution of neutron pileup (Le., mom than one neutmn 
arrlvlr^ at the detector within the detectors leaolviogtimelduriitff 
bubUe fusion experimentation. 

5-5.7. &7reifme?iCs emf wnclyjmfir ntutrm piievp ejjfcet ditrni^ 
bubble Jltjion sAperimena 

The theory of super^compresslon (N^gmatulin et ai, 20QSX as 
applied to our bubble fusion expertmentarlon has revealed that 
the bubble Imploskin process hemding ro D-D rUsloD for a single 
bubble in a rapid [y implodlns cluster occurs within the time span 
of^^l ps and is wlU emit about 12 r^uinons per bubble Implo- 
sion. The estimated bubble duster oonsistuig of ~I000 bubbles 
is calculated to Invelve about 40 to 50 bubbles whhlo th« Inte- 
rior of (he duster where the ainpUficah'9n in implojion intensity 
pnoduces thennonudear fusion CDndltloosL There Is some uncer- 
uimy involved fn terms of estimailng the time scale over which 
ihe4O-50 bubbles implode but conservatively, vrc esthnate that 
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FI&IX Cainracbnxpcctrji wtfch«^aitd ^"Ctj 

they rolleccivcbr wlU IJUpJode over ID Dps emitting a total ofabour 
200-400 neuaoni, Thb ^Ives us mi estimate of the instdntaneaus 
nceofneuLzDn emission or up to -^4 x 10« n/a. This is a very high 
nte* indeed and miut be accounted tor in lemu of the possibility 
and QDosequeiicc ofmore than one neutron arriving acche LS detec'* 
ti»r within the re»hring (ihapins] dme of about -^lOOns (which Is 
considrratsly longer than the much shorter emission period, whkfa 
lies tti the ps range}. 

The assBumcnt of possible neutroa piJeup eAeOs oa our LS 
detector w»s conducted both with a pulsed neutiua sou me and 
J bo via theoretical scopiog analyses. 

5.5.1?. &periinen/T wtth a putfe nmnm gtwmtor (PNC). V»fr 
e mpf oyed a D-T MCele rata r driven PNG (Model NN-SSO from Adli- 
vation TecJinoIosies. Jnc) far assessing wheths-r neutron plleup 
eflTecu could materialize Jn Our IS detector for neutron puZse rates 
in the vicinity of CKpected bubble Alston neutron pulse n£ctL The 
PNCsysteni enabledstablef>pefationdonvn 10200 Hz during wbicfa 
nmtronpoitses are emitted over a dme span of'^S-Gp^CFWHM). 
TlK LS detector was placed with Its lace about lOon away from 
the PNC taisel. The L5 detector response xn ^Co «nd '"Cs souit^s 
vw^s obtained. It was foujid (J^^ 12) that Che «°Ca l_2MeV and 
1 J MeV gainir.a Ornipton edge is at channel ^^IS^ From published 
lllhtcunMta (Harvey and Hill, 1979) it would then irnply that the 
14.1 McV PXE would appear around channel 105^ With this cali- 
bration, the PSD spectruni was obtained and shown in 13. As 
p/eviou3ly noted, unlike thacfbr an isotope-based neutmn source, 
tite D^T iUsion based neutron source reisutts in a oitich larger frac- 
tion of neucnsns compared to gamma photons. D-T fusion does 
not produce Aanuna photons. Canuna photons are an indirect 
eonsequeRoeof ^lon neutron interactions with dements of sur- 
rounding structures. Based oncalibratfoas wUh a 1 Ci Pu-Be source 
It was esdroared that the PNG operating v^ith a target volUge of 
-SOkV and 0.2 kM^ v/outd emit '^S x ICH' dose to the maxi- 
nnum emission level aHowed in our laboxacory.Sincechese neutrons 
are emilted in puin C-^IO ^ wide at the base and FWHM) 
the instantaneous enilssJoa I3ic Is much larger at ^5^10 » 1 0^ n/f 
(-5 M 10^/5 M lO-^/aOQXThls formed a baselJn« brestSnuting the 
instancBdcotis pulse ncutren outputs at other taigctvo [cages. 

Ntxt, neutifen-gated pulse-height 5pect73 vrare obtained at var- 
ious target voltages rangir^ from to -5GkV. Results of 
pube-height ipectia aie shou^n In F1s> 14 akmg wtih the ti>Ul 
neutron eovnts vemu drive volUge in Fi^ tS. As expected, rhe 
14.1 MeV PRE is seen to occur aroimd diannel #105. The rate of 
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neutnonoQUjiisuiciease is more rapid at smaller target voltages and 
decreases as the taci^et voltage Increases. This Is tn iine with well- 
known i«rir> D-T reactio n cnBS-^sectioni CCress^ 3 984), Pig. 14 clearity 
shows ihAT. while fnslsnificant excess cotiats are ineasuced ower 
the 14.1 MeV PRBat tas^^t voltages of less than -40 kV, the neutron 
pileup crffect becomes noiiceab ty 1 arger for target voltage of— 40 kV 
and above. The variation of the counts abovo ihe 14.1 MeV PRE vdth 
tai:5eC voltage, e^iessed as a perantage it shown in fig, 15. We 
see from Pigs, 14 and 15 a rapid increase of neutron pUeup Induced 
counts above the PRE as the target veltoge Is increased. 

The data shown in Rg. 14 were obtained with a saurce-tQ- 
detector distance of 10 cm compared with 30cai in the pubtishcd 
sonoiiisk>o experiments, This would imply a fiictor of ~10 
H30/10)>jdifrejenGebasedonso!id angle elTects. and to get about 

of toed isDunts above tbe PR£ would require a rate »f about 
10" ivs. This Iev«i of output at a distance of aUout JOcm b com- 
parable to (even thou^ sinailer than} the estimated -10^'ri/s 
neutron cniLsslon rates for hufabi e rUston. thereby, forming a rciDon- 
able basis oo expect that bubble fiwion experiments with detection 
equipment of the type and conftgurarlona used will indeed lead to 
ncutron-pileup relaiedeOects giving riser t9 excess counts above the 
PR£.TheamouniofexEKs may amount to -xSXof the coulneiabDn 




ns>l4. l\ilM>hdsIuspectnal«iileusPMCai|0a«sJtu»Civur:-9fl|Afdtaav^ 
ntmarer 50Jfiot lOOtj. 
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5S.12. Anafytic estimation of magnituatof neutron fiil9Uj>, UN neu- 
trons, are emitted during bubble du^r implosion sucb that th«y 
come within the rcsDtvIng cJme oftbc detector, then thejHQbabU- 
ley of a single neiiCncm striking ttie detector li W jC where /'is the 
rncdoo or the folid angle that the defaector subtends. 

The probablUzy that two fleutcoiu strilce the same detector Ij 
iV (N^ 1 If tbe detector efS<icnc^ is e, ttieti the ner fvubability 
requfres that wc m\iltlply by e^. Tie LS detector projeas at area of 
about 25 cni* so that the solid angle at 30 cm from the test cdL 
bec^tncs 0.0022. Since Mre2uv« estimated chat up tk>500 neutrcins 
ans emtacd per b ubble cluster implosion. « 500. Bsie d on known 
scBtmins crofiSrsections for C and H atoms, and the compositia n of 
NE-7i3liquid. fbraScm x5 cm LSdeteoor.the tneanfreepathfora 
2.45 McV neutron is calculatid to be -53 cnrt VUte can ttien assume 
that -60% of a]| neutrons would recti vc at least one ooltlsion 
wftiiln the LS liquid, which then would offer a theor^caS jatrin^ic 
efficiency of at least '•SO*. Asjumlog a typical SOX detector (imrin- 
*J<) efficiency gives tlic net probability of the detector receiving 
two neurnmasimuHaneotaly* 500x499 x (0.0022)3 x (as >2» 03 
or about 30tt. This methodology hsa assumed titat each neutron 
regardlesj of cnerxy striking the detector will cDatribut« to the 
"piJcup* effecc equally. In reaUty. only oeutions above -^UMeV 
vwuJd be able to have an cftea. From MCNPS asscssoncnU the 
fracdon of nejtrons above 1 J MeV Is e^tbnatsed to be -40J£ and 
'^B€X with and witlnue Ire^pack thermal shietdtog, rcspcctrveJy. 
This reduction would bring d«Wa the above -estimatrd aOX down 
ea'^20X[ •SOKm (a£)%.wlthottlicc-9ad£sJto^X|<-30X x(0.4 J^j. 
wvilh ice-packs I. respectively. The approach of this section ncce^^- 
ily encompasses oncertaintiesL chiefly niated to Che value of "fT* 
but wi an ovtt^all basis, it sppean in line vddi and on the order of 
magnitude of neuctiiR pJleup ai also witnessed ftom the eaqperl- 
mental obserrations. 

Based on tfaeabovc; it may be reasonably expected on theoretical 
gioundj that neutron plJeup aniJd play an Impoftantrale In t«ms 
of pfovidiog excess couots above the 2^MeV PRE and the anwunt 
tkj be expected may be In the cxperimentaqy obsecved rsnzc of up 
to '^x.i OX of the coial neucwn oounts. 

6. Sttncunary and ooactusioou 

In SQinmaxy. a Gomprehenslve framework has been devel- 
oped to roodel. simulate and uodetstand the 2.45 MeV neution 
signiture Ibjr acoustic inerttal coniinesneni (bubble) cbermotLu- 



clear Siislon signature. Both. SEtf-nucieated and extcnuJ neutjon 
nucleated acoustic (bubble fusion} caviutlon experimenta hsvc 
been model ed and analyzed for neutron £prctral characteristics at 
the detector locations for all separate successful pubiisbcd b«>- 
ble fusion studies. Monte-Carlo neutron transport calculatlcns of 
2.45 McV neutnons flora imploding bubbles were conducted, using 
the t.ve{}-k7»7wn MCNPS transport code, for the published orlglnsi 
eKperimental studiflj of Taleyarki^an «r a].(20O4, 2O06a«bJ»as also 
the successful Conflrmatlon studies of Xu ct aL (2005). Forringtr 
ecal.(200€a»Bnd Bugg(2006> tS detector response was 

calculated using the SONH/Lcodc. These were cnss-cfaecked usins 
a separate and independent approach inratving weightii^ and 
convoluting MCNP5 predictions with published experi men tally 
measured NE-213 detector neutionre^onse curves for mcnoener- 
getic neutrons ac various cnergtes. This resulted Jn chcrormulation 
ci cwo models: (a)MCffPS-SCINFUU (b) i«CNP5-NE-2l3 niodeli, 
re^eciiuUy. 

The MCNPS -based ntodeC was first suocessflUly calibrated and 
valLdated agaimc experiineatal ciata with an N&213 based LS 
detector for threer distioct neutron aources: {aj '-"Cf^ fb) Pu-Be; 
(c) 14.1 MeV neutrons from a PNC accelerator device. Cicceltent 
agreemenc was demonstrated versus actual cxperlmenial data ibr 
ncutn>n spectra with PSD. 

The impact of neutron pube-pOcup during babble fusion i^-as 
verlRed and estnruted with a pulsed neutron aenerator based 
ocperinients and theoretical analyses, both of which provided awi- 
flddice that an bnploslon-based bubble fusion prooess will lUcely 
lead to puJsc-pileup in the L5 detector train. Thi£ aspect is coo- 
aisient with theoretical pn-dictions frorn our theory paper on 
super-compresslonofdetiteriuni atom vapor fjlled Imploding bob' 
bles. Othar major contributions and reasons for measurement of 
niadearconnts above the 2>ISM€V PRE channel wei« shown lobe 
due to IraperfsctLS decector resolution ajotind Che PRE, ganuna 
photon leakage due to imperfect PSD. The Imp act of urani um fission 
and other effects sudb as D-T or ^C-n icactfons were estlmaced to 
be oflow order in impoota nee. 

The MCNPS-SONPUL and MCNPS- NE-213 modelJ wit 
employed TD model and predict the neutranspectrathOmlSdecec- 
tnrg for all of the published data Involving both setf-nudeatlon 
experiments ItileyarVhan ei al.. 2aQSa: J^orjin^ et al., 2O06a.hJ ai 
wdl as eaitJe* experiments conducted with externa I ncutroa b ised 
nocleation experiments (Taleyarkti^n ec aL. 2002. 20O4; Xu et al.. 
2005 ).AIeey detennlnant for the neutroii spectral shape wasshBwn 
to be related to Che presence or absence of ii^erveniog ice-pack 
tbennal shieidlngbctween the test c«12 and the IS detector.Tlie iclf- 
nudeatfon experbncnEsonUsyadcbanet aI.C2006a,b) and external 
neutron nucleated experiments of Xu et ai (2005) included the 
presence of ^3 cmorintervenzns ice-p ack shielding between the LS 
detector and the test celt However, the self- nuctoated cxperim tills 
of Fbrrtnger et ai (20CWa.b) and the external neutjoo nucleated 
expernnents ofTaleyarthan et aL (2 0G2, 20O4>dld not lacladesuch 
{otervening ice*pack shielding. AH four experimental geometries 
vrere individually modeled uwng MCNPS for deriving the trans- 
port characteristics of the 2j45MeV fusion neutrons from within 
the test cell for eich of the tour experiments. The resulting □eu'' 
tton spectninn was nntc used to derive the tS detector spectra 
response uslt^ the MCNPS-^ONRIL and MCNP5.NE.2l3 models, 
respectfbl^. 

The results of cnptfeUog-cum-experfnientalion were ftaiind 10 
be consistent with publishad expcrimeitfally observed neutnsn 
spectra for 2A5 MeV neutron enatsstoiu during acoustic cavitation 
(bubble) lUsfon experimental as nditieru with and without 1ce-p«ck 
(thermal) shielding. Calculated neutron spectra with inclusioa of 
ice-pack shielding are cansCstent wj'di the published spectra 
Che eaoDenments of TUtyaridian etal. (2006ajb} andXuet al.C2005) 
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ABSTRACT 

Neutron nucleated, transient bubble cluster dynamics has been studied through direct observations of 
shock wave and sono luminescence (SL) signals. Confirmatory bubble fusion-relaied neutron-seeded 
acoustic cavitation experiments were conducted with deureraied acetone (C3D6O) and non-deuterated 
acetone (C^HeO). Tritium emission monitoring was performed systematically by using a calibrated 
state-of-the-art Beckman LS6500 beta spectrometer for the samples obtained tram bubble fusion 
experiments of non-deuterated and deuterated acetone with and without cavitation. Statistically 
significant tritium emission was observed during neutron-seeded acoustic cavitation experiments with 
deuterated acetone, but not for control experiments involving non-deuterated acetone, nor with 
irradiation alone, thereby confirming repeated observations for the occurrence of thermonuclear fusion 
reactions in deuterium-bearing imploding cavitation bubbles. Thermal hydrauKc conditions of bubble 
implosions leading to robust SL emission are discussed. 

KEYWORDS 

Bubble fusion, bubble cluster dynamics, tritium counting. 
1- INTRODUCTION 

Thermonuclear fiision reactions in imploding bubbles (so called bubble fusion) were observed and 
reported by Taleyarkhan and his coworkers (Taleyaiidian et al., 2002,2004a; Nigmatulin et al., 2004) 
but so fer have not been confirmed by others. Thermonuclear fusion in highly comf»^sed bubbles is 
possible only when appropriate conditions are provided: high enough (-1000 Mbar) pressure and (- 
lO^K) temperature and the presence of deuterium (D) atoms which need to be forced close enough, 
and need to stay together for a sufficient time to permit them to become fused (Gross, 1984). 
Theoretically, these conditions have been predicted to occur (Moss, 1996; Nigmatulin et aL, 2004; 
Wu, 1993; Taleyarkhan et al., 2004b) and highly depend on bubble dynamics: how these bubbles 
nutiate, grow and implode. Furthermore, recent experiments (Camara et al; 2004) to ascertain 
temperatures below the surface of SL bubbles have revealed clearly that the emission spectra fi-om die 
interior resemble those given out by Bremstrahhlung radiation composed of excited plasmas in the 
10^ range. Another study to directly and convincingly demonstrate the existence of plasmas in SL 
bubbles has recently been published (Flanigan and Suslick, 2005). Based upon these recent 
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developments, it is now widely accepted that imploding bubbles can indeed produce extreme states of 
compression and temperatures. 

As is evident, implosions of spherical bubbles produce stronger shock wave compression than 
aspherical ones; the maximum bubble volume is not only a fimction of the acoustic pressure 
amplitude, but can also be affected by the timing of the bubble nucleation (Taleyarkhan, 2004b), 
Therefore, a comprehensive understanding of bubble dynamics as well as related control variables wili 
be crucial for successful bubble fusion experiments and for future development and optimization of 
bubble fusion technology. 

The process of bubble nucleation, growth and collapse is nonlinear and complicated in general, 
involving thermal, mechanical, optica], chemical or even nuclear scale phenomena. Depending on the 
acoustic driving amplitude, a bubble could grow in volume in several acoustic cycles and collapse 
within one cycle. Huge potential energy accumulated durii^ its growth time can be converted into 
thermal energy to heat up the bubble's internal contents by shock wave compression. The temperature 
inside the bubble could be more than 1 00 million degrees (Nigmatulin et al., 2004) and high enough to 
accelerate chemical reactions and even cause nuclear fusion reactions. This shock wave continues to 
propagate in the liquid after the bubble collies and the evidence can be detected on the chamber 
walls by an ordinary microphone. 

TTie issue of bubble nuclear fusion thermal-hydraulics becomes even more complicated when a 
nucleated single bubble grows from -50 nm by fectors of -100,000 to a large (1000 ^m) bubble then 
implodes and breaks into a cluster of tiny bubbles (Brennan, 1995). These tiny bubbles can stay 
together as clusters when an acoustic standing wave is applied From experimental and numerical 
analyses (Taleyarkhan et al., 2004b) bubble cluster formation can lead to pressure intensification for 
inner bubbles, causing much higher temperatures and pressures for the bubbles in the center of the 
cluster than for a single individual bubble. This is attributed to acoustic streaming effects of the shock 
wave produced by the bubbles along the edge of the cluster (Matsumoto, 2004). Evidently, the 
assessment of the relative effects of bubble cluster appears crucial for understanding conditions 
relevant for attaining bxibble nuclear fusion, and scale-up of bubble fusion dynamics. This was 
therefore, attempted for which salient results are presented in this paper. 

An important consideration in such experiments to evaluate the occurrence of nuclear fusion 
involves experimental evidence of key signatures. Notably, for bubble fusion experiments 
(Taleyaikhan et al., 2002, 2004a) tiie bubble collapse time is so short and the final bubble size during 
implosion is so small that any attempts of measuring the variables inside a bubble are extremely 
dimcult, if not unpossible. Therefore, Indirect approaches must be used to identify the possible 
nuclear fusion reactions in a collapsing bubble. The well-known D-D nuclear fusion reaction proceeds 
in two branches of roughly equal probability as (Gross, 1984) 



The products of D-D fusion reaction are: a neutron (n), a proton (p). Helium (He) and tritium (7). 
Helium (^He) is a non-radioactive gas and it is difficult to detect and the MeV energy protons (due to 
them being charged particles) can travel no more than -1 mm through the test fluid and before getting 
absorbed. On the other hand neutrons (being uncharged particles) can escape from the test cell, and 
tritium is a radioactive isotope readily detectable using beta-spectrometry. Therefore, neutrons and 
tritiimi become the candidates for fusion reaction detection in bubble fusion experiments ois reported 
by Taleyarkhan et al. (2002, 2004a). However, in bubble fusion experiments. It is to be realized that 
neutron detection can become difrlcult due to the presence of large gamma ray fields resulting from 
the neutrons used to seed bubbles. This requires sensitive on-line detection equipment which can 
distinguish neutrons from gamma rays, and also distinguish neutrons from nuclear fusion from those 
neutrons used for seeding bubbles from an external neutron source (PNG or isotopic source). Such 
issues and complexities are non-existent when monitoring for the radioactive isotope tritium. 
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This paper focuses on reporting investigations on two aspects of bubble nuclear fusion: transient 
bubble dynamics along with SL light emission, and tritium production. These two topics are presented 
separately. The first part of this manuscript discusses observations of bubble thermal-hydraulics 
during the simulated bubble fusion experiments. These observations were obtained in a desktop test 
apparatus with isotope neutron-seeding of cavitation nuclei in a test cell. The second part provides 
confumatory evidence of tritium emission during neutron seeded acoustic cavitation of deuterated 
acetone, along with evidence of null results from control experiments. 



2. EXPERIMENTAL APPARATUS AND APPROACH 

The bubble dynamics experiments were performed in a test apparatus (see Figure I) similar to what 
was used by Taleyarichan et al. (2002, 2004a). The test chamber was placed in a chilled light-tight 
enclosure. A microphone (MIC) was attached to the outside wall of the chamber for shock wave 
detecUon (indicative of bubble implosions) for which the low frequency components were filtered out 
for counting of cavitation rate. A photomultiplier tube (PMT) was placed ~1 cm away from the test 
chamber for sonoluminescence (SL) light detection. The PMT was powered by a high voltage supply 
at -2000 volts and its output was first sent to a preamplifier (ORTEC 113) and then to an amplifier 
(ORTBC 570). The fluid (normal acetone) was driven and experienced positive and n^ative 
pressures at a frequency of -20 kHz by the acoustic wave generated from a PZT ring epoxied on ±e 
chamber. An isotope neutron source (Cf-252 0.5 mCi) was used to seed nuclei in the fluid. A high 
speed video camera (Fastcam lOK) was used to visualize the bubble behavior. 

Following the methods reported elsewhere (Taleyarkhan et al., 2002) before conducting bubble 
fusion experiments the test cell drive amplimde corresponding to about -7bar for nucleali(Hi fiwn 
multi-MeV neutrons was evaluated after degassing. That is, no bubble nucleation would occur at this 
acoustic drive power over a waiting time of - 30s in the absence of the neutron source. Thereafter, 
after the baseline drive amplitude was doubled to be - +/- 15 bars for each of the cavitation runs (as 
used by Taleyarkhan et al., 2002, 2004a). 

It is well-known that tritiiun is an extremely rare isotope and can only be produced by via nuclear 
reactions and henc^ becomes a powerful indicator for possible thermonuclear fusion reactions during 
bubble fusion experiments. Tritium can be examined for its presence in the test fluid after the 
experiment, but diis requires access to expensive and sensitive beta spectrometers. Fortunately, as part 
of the infrastructure we had access to a state-of-the-art beta spectrometer system, the Beckman 
LS6500™ system at Purdue University, which was similar to that used in the reported bubble fusion 
studies at Oak Ridge National Laboratory (Taleyarkhan et al, 2002, 2004a). Therefore, we focused on 
monitoring for tritium emission during acoustic cavitation experiments to confirm the possible 
occurrence of bubble nuclear fusion. Along with £>D nuclear fusion producing tritium, it is well- 
known that D atoms in a deuterated liquid can become transmuted to T atoms in the presence of a very 
high flux of neutrons (as in a commercial power nuclear reactor). Fortunately, in bubble nuclear 
fusion experiments transmuting D atoms to T atoms by neutron bombardment is a second order effect, 
a feet which can be readily validated via conduct of control experiments (i.e., experiments conducted 
to note changes in tritium content of the test liquid by subjecting the test cell to the same experimental 
neutron fluence used for seeding bubbles, but without acoustic power turned on such that cavitation is 
not present). Control experiments were also to be performed under identical experimental conditions, 
but changing only one parameter at a time (e.g., cavitation on vs. oS; alternately, change H bearing 
liquid to D bearing liquid). The control experiments uiclude non-deuterated Quid tests along with 
cavitation on or off tests. Evidence for thermonuclear fusion reactions (from tritium emission) in a 
collapsed bubble needs to manifest only for neutron-seeded cavitation in a deuterated fluid. All tests 
with a non>deuterated fluid or a test with deuterated fluid without cavitation should not lead to tritium 
production. 
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Test Chamber 



Desktop Enclosure 



Figure 1: Schematic of experimental apparatus layout (not scaled), Cf-252 - Isotope Neutron Source 
(0.5 mCi); MIC - Microph<Mie; PMT - Photomultiplier Tube. 

3, RESULTS OF BUBBLE DYNAMICS 

Following the published approach by Taleyarkhaxi (Taleyarkhan et 2002 and 2004a), the fluid was 
first properly degassed for about 2 hrs until individual cavitation bubble clusters were achieved. 
During such evolution* sharp (N-shaped) shock traces were obs^ved on the high-speed digital storage 
oscilloscope screen coming from the microphone and the PMT. The bubble dynamic behavior has 
been studied as foUows: cavitation visimlization by using a high speed video camera (Fastcam lOK), 
shock wave detection by using a microphone attached on the outside wall of the test chamber and 
sonoluminescence light emission by using a photomuhiplier tube. Typical results ai« illustrated in the 
following subsections. 

3.1 CavitatioD Visualization 

Figure 2 displays a typical image sequence of a cavitation bubble cluster of non-deuterated acetone 
nucleation seeded by neutrons fi-om a Cf-252 isotope source (0.5 mCi of activity) and experienced 
pressures at 17 bars driven by acoustic waves. Note that the images were taken at a speed of 
5000 frames per second and 1/20000 s for shuUer speed Since the camera frame speed is smaller than 
that of the chamber driving frequency, it is believed that the bubble is actually a bubble cluster, which 
can be \enfied by quickly turning off the acoustic driving power. The bubble cluster which was 
otherwise held in place by the acoustic pressure field breaks apart and results in a dispersion of several 
tiny (-10^ ^} bubbles. Also, direct numerical simulations for bubble growth using the well 
established Rayletgh-Plesset formulation indicates that an individual bubble that can reach a maximum 
of only -400 (Nigmatulin et ah, 2002), whereas the size of individual clusters is about 10 times 
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larger. The images were compensated for the distortion due to the optical deflection from a cylindrical 
surface and its scale is about O.0S3 mm/pixel. The bubble cluster diameters in the first diree images at 
tr=0.0, 0.2 and 0,6 ms are about 0.6 , 2.7 and 3.4 mm, respectively. The first appearance of contraction 
(perhaps because some of the bubbles in the cluster were imploded in this frame) is seen at 1=0.8 ms. 
The cluster size did not vary much after the fu-st contraction and was diffused out after 3 ms. 

Figure3 shows another type of cavhation consisting of comet-like streamers. Unlike that of 
individual bubble clusters, the structure of a su'eamer appears continuous in space and time: bubbles 
were farmed at one end (bottom end in this figure) and ejected outwards from the other end and could 
last as long as 10 s. hiterestingly, and importantly, it was obsaved that streamers produce neither 
distinct shock wave peaks in the microphone nor SL light emission. This is described in the next 
section. 



0.2 ms 0.4 ms 0.6 ms 0.8 ms 1.0 ms 1.2 ms 




1,4 ms 1.6 ms 1.8 ms 2.0 ms 2.2 ms 2.4 ms 2.6 ms 




2.8 ms 3.0 ms 3.2 ms 3.4 ms 3.6 ms 3,8 ms 4.0 ms 




4,2 ms 4.4 ms 4.6 ms 4.8 ms 5.0 ms 5.2 ms 5 4 ms 




Figure 2: Individual bubble cluster (CaH^O, 4 **C, 17 bare, 16.7 kPa) 
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Figure 3: Comet-like streamers (CgH^O, 4 ''C, 17 bars, 16.0 kPa) 
3.2 Signals from Microphone and PM T 

Shock waves and light emissions from the imploding bubbles were detected by the attached 
"^^^^tST^ respectively. Their signals were displayed and stored by a IQO-MHz 

Agilent digital storage oscilloscope. Figure 4 depicts the typical resuhs of these two signals under 
conditions involving individual clusters. Due to the propagation time required for the sound wave 
from the location of bubble collapse to the location of the attached microphone on the glass surface, 
there is a time delay between the micrc^hone signal and the SL signal which is found to be about 30 
/zy for this chamber. This value corresponds nicely to the time required for a sound wave to travel 
from the center of the chamber to the walls of the chamber where the microphone is attached On the 
other hand. Figure 5 indicates that the coiresponding signals are much smaller and random for 
streamers. 



The peak-to-peak amplitudes of the microphone signals were recorded under different driving 
amplitudes to the PZT ring. The results were depicted in Figure 6, These values indicate the 
intensities of shock waves generated by the bubble collapse. It can be seen that the shock wave 
intensity increases with the low acoustic driving amplitudes (implying enhanced levels of implosion) 
and becomes saturated with increasingly higher drive amplitucte. This observation implies that the 
most intense implosion during cavitation does not necessarily correspond to the highest acoustic 
driving amplitude. 

it was also observed that not every shock wave corresponds to a recorded light pulse. This was 
found to be especially true for conditions leading to the formation of streamers (which as mentioned 
earlier look like comets, and consist of thousands of tiny bubbles unlike bubbles in spherical clusters). 
It was distinctly noted that the presence of stre amers did not produce detectable light emission at all, 
clearlv indicating th at the intensity of coUapse is quite different and much lower (i.e.. contents of 
imploding bubbles were not even hot enough to emit SL light flashes^ than that from individual bubble 
clusters. 
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Figure 4: Signals firom microphone and PMT of individual cluster 
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Figure 5: SignaJs from microphone and PMT of stineamers 
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Fiffure 6; Amplitudes of microphone signals 



4. RESULTS OF TRITIUM EMISSION 

Similar to the protocol followed for reported bubble fusion experiments (Taleyaikhan et al, 2002, 
2004) tests were systematically conducted with deuteraied and non-deuterated acetone over six hours 
duration (to accumulate significant quantities of tritium in the test fluid). The test chamber was 
positioned in a closed freezer with temperature control, and bubble nucleation was seeded by using a 
Plutonium-Beryllium (Pu-Be) isotope source (of 1 Ci activity). For each test run lasting for 6h, two 
samples were systematically prepared by extracting 1 ml of test fluid from the same test chamber 
before and after eajch cavitation run and mixmg with 1 5 ml of Ultima Gold™ scintillation cocktail in a 
2a-ml scintillation vial; therefore, four samples were available for each test nm. These samples were 
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